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CORN DRYING 

H. H. DELONG, Professor of Agricultural Engineering 

\llodern power units and corn 
harvest machines have brought 
both increased speed of harvest 

chinery to meter and deliver to the 
feed bunk. 

and greater choice in harvest meth- CORN DRYING 
ods. Corn picker-huskei;s, both pull BECOMES NECESSARY 
type and tractor mounted, are New and improved methods of made in one- and two-row sizes. harvest have left the farmer with Corn picker-shellers are made in three choices, none of which are one- and two-row sizes with some 'th t ld d t h w1 ou some ac e cos s or az-adapter sheller components to be ards: (1) late or delayed corn har-used with the picker-husker basic vest to secure dry corn, (2) early mach ine. Lastly, the large corn- th d ( harvest w i corn drying, an 3) bine, pull type or self propelled, early harvest with wet storage in has been fitted with gathering bl gas-tight structures. This pu ica-points for the corn crop and can tion will deal only with drying be used (with reduced cylinder 

corn as it is rece ived from the pick-speeds) for a p icker-sheller. er-sheller, together with some of 
In two out of the three above the field tests of several kinds of 

instances, it is possible to combine picker-shellers. 
two operations in one. This is a Early corn harvest allows longer 
definite trend in harvest machin- periods for livestock to pasture the 
ery. These self-propelled combines fields and retrieve machine losses. 
have been fitted with 2-row, 4-row, Machines have never been built 
and, in a few cases, 6-row gather- to retrieve ears that have fallen to 
ing heads. the ground, so early harvest is de-

Corn harvest, for a given farm, sirable from the low field loss view­
can now be accomplished in a very point. 
short time, and if done early in the Picker-shellers work nicely and 
season the corn will have a high do a satisfactory job of shelling the 
moisture content. It can also be corn when at 25% or lower mois­
shelled in the field and go into ture content. Some tests have been 
weather-tight, rodent-proof struc- successfully run at the 30% mo is­
tures for storage ( prov ided tl1at ture level, but kernel breakage in­
moisture is reduced). The shelled creases considerably. At 35% or 
corn is a more suitable form for more, the work is definitely not 
mechanized feed handling ma- satisfactory. �Iuch corn is broken, 

3 
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the wetter kernels are mashed, and 
there is no way of measuring such 
loss, since it is neither delivered 
to the wagon, nor left on the 
ground in recoverable form. 

FIELD LOSSES 

In South Dakota, one should 
seldom plan to run the picker-shell­
er before October 10 or 2 weeks 
after a hard frost. Seasons vary a 
great deal and during the 1953-60 
seasons there have been two where 
the corn was still 30% moisture on 
November 15. The ideal situation 
is to begin picker-sheller work at 
the 25% moisture level and before 
any ears have dropped to the 
ground or before any stalks have 
broken over. 

In several seasons (1958 and 
1959), pregleaning in connection 
with field loss studies shO\,ved 
essentially no loss from fallen 
ears. Dry weather, high winds, and 
corn borer damage all contribute 
to fallen ears. 

Pregleaning is defined as the 
picking up, weighing, and record­
ing of ears on the ground and un­
attached to any stalk, over a meas­
ured test run distance. Postglean­
ing is the total corn found on the 
ground of the test-run distance 
after the machine has passed over 
and includes whole ears not re­
trieved by the machine, broken 
ear parts damaged in the process, 
and shelled corn on the ground. 
This last is an indication of how 
well the snapping rollers, gather­
ing chains, and gathering points 
can gather in the bent and fallen 
stalks with ears attached. The 
steering, adjustments, and general 

operation of the machine partly de­
termine this type of field loss. High­
er field speeds usually mean high­
er losses. 

In the 1954 field tests, an end 
of season average showed: pre­
gleaned ears on the ground, 1.7%; 
postgleaned ears, 3.0%; sheller loss 
on the ground, 4.2%; and other 
shelled corn on the ground, 2.2%. 
Total machine loss was 9.4% and 
total field loss was 11.1%. This 
netted 62.2 bushels per acre har­
vested from a total yield of 69.8. 

During the 1956 and the 1957 
season, field loss records were kept 
at various times from October 1 to 
November 30 and three different 
machines were used in the tests. 
In the 1956 season, most of the 
picking was done with 20% or less 
moisture in the corn. Of 20 tests 
on three machines, the machine 
losses averaged 10.2%, with indi­
vidual tests as low as 1% and as 
high as 22%. This indicates the part 
careful steering plays and also the 
part wind and weather can play. 
Postgleaned ear loss was the major 
machine loss that year because of 
stalks blown to the ground yet still 
retaining their ears but out of reach 
of the gathering mechanism. 

Years with low yield corn, such 
as 1957, do not necessarily mean 
low losses. Here the pregleaning 
checks of 20 tests showed several 
with 0% loss, with a few going to 
.75 bushel per acre. Postgleaned 
ears of the same tests showed .60 
bushel per acre to 7.5 bushels per 
acre. Additional sheller losses vari­
ed from .85 bushel per acre to 
over 3.0 bushels per acre. 
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The beginning of the 1961 sea­
son was an exceptional one. Corn 
had good growth, high placement 
of well matured ears, and very 
few stalks were clown. The field 
losses were very low. 

The most extreme field losses 
were experienced in the 1956 sea­
son. After October 20 a severe wind 
storm put 15% of the corn on the 
ground or beyond the ability of 
the machine to pick it up. Such a 
situation is the best single argu­
ment for early harvest. 

VARIOUS TYPES 

OF MACHINES USED 

Field picker-sheller machines 
were selected to include a range 
of types, both single row and dou­
ble, complete machines versus con­
ventional picker with sheller at­
tachment (an early model), and 
conventional corn shelling cylinder 
versus that of the grain combine 
type of cylinder. The field mach­
ines used in the test are shown 
in figure l. 

It was not the purpose of the 
project to compare field perfor­
mance ot one machine versus an­
other, but rather to prepare the 
corn for the drying tests. A given 
machine that was best at the snap­
ping roll was not necessarily best 
at the shelling cylinder. Many va­
riations in ease of handling, speed 
of ,vork, and thoroughness of work 
developed. Seasons and size of the 
corn also caused changes in per­
formance. The cylinder built es­
pecially for shelling showed less 
crackage and broken kernels than 
the combine cylinder in most tests. 

DRYING CORN 

WITH UNHEATED AIR 

Corn harvest seasons such as 
1955 make unheated air drying pos­
sible. By October 14, field picked 
and shelled corn was brought in 
at 14% and 15%. This corn was 
placed in a standard steel grain 
bin into which a sheet metal duct 
system had been placed. The sy­
stem had one main air duct, three 
laterals, and the duct work was 
held 6 inches off the floor. The 
bottoms of the ducts were screen­
ed, but formed the only air open­
ing for the system. Air was de­
livered to this bin by a 3 HP elec­
tric motor and a radial type fan 
with backward slanted blades. 

Eight wagon or trailer loads 
were picked and shelled and plac­
ed in the bin over a period of 7 
days. The fan delivering unheated 
air was started after the third load 
covered the ducts. The fan oper­
ated continuously for 14 clays, at 
which time the grain was tested 
at various parts of the bin and 
showed an average moisture con­
tent of 12%. There were 31,690 
pounds of the 12% corn (566 bush­
els) and it covered the bin floor 
to a depth of 4 feet. Excellent dry­
ing conditions for the field meant 
excellent drying conditions at the 
bin. 

This illustrates how trouble-free 
unheated air drying can be under 
favorable conditions. Corn at 14%-
16% moisture is very near to favor­
able storage condition. (A few days 
of cooling with below zero air 
would probably keep it safe for 
the winter months.) However, if 
such corn is kept through the sum-
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Figure 1. Field picker-sheller mach­
ines used in the tests. 
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mer or for longer periods, it should 
be reduced to a 12% moisture con­
tent. One need only to know the 
moisture content as the corn en­
ters and test periodically. ·when 
the desired moisture content is 
reached, the fan is turned off. 

The slow evaporation keeps the 
grain cool. Relative humidity in 
the aerated grain is kept low, and 
mold growth is not a hazard. The 
fan can run continuously unless 
perhaps for extremely rainy days 
of high humidity; and this is not 
normal for early fall 'vveather in 
South Dakota. 

It does little good to have the 
fan operating in subzero weather 
in late fall or midwinter. Such air 
has no moisture carrying capaci­
ty and it cannot dry the grain, 
although the low temperature is 
not detrimental. 

The 1954 season was similar to 
1955, but picking started on Octo­
ber 18 with 23% corn, and due to 
higher moisture corn and a colder 
season, the fan was operated 28 
days before the moisture was re-

Figure 2. Drying grain with unheated 
air. 

duced to 14%. Only the very early 
picked corn of the 1956 crop sea­
son needed drying, as corn from 
the field was below 15% after Oc­
tober 11, very easy to shell, with 
no drying problems to consider. 
The costs of such an operation will 
be given in a later table. 

Figure 2 shows the bin and fan 
system used in 1954-55. A flat floor 
of perforated steel with open space 
beneath for air entry, like the cross­
section drawing of figure 3, is 
easier to load and unload than bins 
with a duct system. 

BIN MANAGEMENT WITH 

UNHEATED AIR 

Unheated air drying usually 
means equipping a bin for drying 
corn, then leaving the grain in the 
same bin for storage. Drying air 
rates of 2, 3, or 5 cubic feet per 
minute ( cfm) per bushel are recom­
mended, depending on the moisture 
content reduction and the time al­
lowed for doing the work. 

Since 8 feet is the usual maxi­
mum depth for economical move­
ment of air, such bins need not 
be high, but there should be enough 
of them to store the season's crop. 
More uniform air flow will result 
with a grain spreader device that 
will keep the bin level and keep 
the dirt and fine particles from 
dropping all in one place (see fig­
ure 3 at "A"). Unloading aids 
are also available to be installed 
with the perforated floors. These 
are: ( 1) a portable sweep auger 
to bring grain to the center of the 
bin ( see figure 3 at "]3") and 
( 2) the horizontal auger installed 
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Figure 3. Supplemental heat, fan, burn­
tr, and bin combination. Line drawing 
shows cross section of round steel bin 
equipped with (A) grain spreader, (B) 
sweep auger, (C) tube for auger, (D) 
perforated floor, (E) fan and burner . 
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u nder t he floor ( s ee fig ur e  3 at 
"C") f or t aki ng t he gr ai n  fr om t he 
cent er of t he bi n t o  th e outsi de. 

CONTROLS CAN 

SAVE POWER COSTS 

'Whi le th e unheat ed air dr yi ng 
m ay g o  on conti nuousl y, t her e 
could be s ome f an power cost s av­
i ng accomplish ed by aut omati c 

contro ls. Th e most common con­
tr ol is t hat of t he t her most at, whose 
s wit ch poi nts coul d contr ol s mall 
mot ors ,  s ay )'a HP, dir ectl y, or l arg e 
mot ors t hr oug h heavy dut y r elays .  
Si nce litt le dr yi ng is accomplis hed 
at bel ow OW t emper at ur es, t he 
t her most at is s et t o  t ur n  t he mot or 
off duri ng l ow t emper at ure peri ods. 

The humi dist at contro l, si nce it 
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is sens itive to the d1)' ing abi lity of 
the ai r, is of more v alue than the 
the rmos tat. By se tting the humid­
is tat c on trol to turn the fan off 
when humi di ty of the ai r rises 
above the 70% to 80% re lative hu­
mi di ty leve l, the fan would then 
run on ly during the mos t  fav orable 
drying we ather. Both te mpe rature 
an d humi dity con trols could be 
use d  to con trol the s ame motor re­
lay i f  con trol componen ts we re 
prope rly matche d. Such con trols 
are desi rable for un he ate d ai r dry­
ing, an d the y bec ome a ne cessi ty 
at any time that he at is adde d to 
the drying process. 

SUPPLEMENTAL HEAT DRYING 

Much the s ame eq uipmen t is 
use d  in s upple men tal he at drying 
as in un he ate d ai r drying. T he 
s ame type of bin is use d  an d can 
be the 1 ,000 to 3,000 bus he l ci r­
cular s tee l bin wi th i ts pe rforate d 
s tee l floor an d air c hambe r be­
ne ath. Large di ame te r bins wi th 
corres pon ding ly large floor are as 
are more des irable than the s mall 
ones. T he lowe r bins are s ui table 
an d adeq uate ly accommodate the 
8 -foot de pth of g rain for the lowe r  
air press ures. T he talle r bins may 
be use d  with the uppe r parts un­
fi lle d un less dry corn is place d 
the re afte r drying has been c om­
ple te d on the lowe r part. For pres­
s ure drop, air flow, g rain de pth 
re lations, see fig ure 9. 

Si mi lar fans can be use d  as for 
un he ate d ai r drying, but the more 
popular fan type is� the prope lle r 
fan, di re ctly conne cte d to the e le c­
tric motor to e li min ate all but two 
be arings , an d running at 3,450 

R.P.M. to re duce the ,veig ht an d 
s ize of the motor to i ts minim um. 
T his choice has been made to re­
duce size an d c os t  of the ove rall 
ins tallation. T o  the fan an d tube 
is adde d the burne r, an d when 
direc t fi re d, L-P g as is a " cle an" 
an d ne arly odorless type of he at. 
Man y v ariations are av ailable, as 
to motor, fan, he ate r, c on trols, an d 
gene ral arrange men t of the s ame. 
Fig ure 3 s hows one s uch ins talla­
tion. 

More care an d watching is ne ed­
e d  for s upple men tal he at drying 
than in un he ate d air drying. T his 
calls for more care ful bin man age­
men t  an d more thoroug h un de r­
s tan ding of the drying process . Dry­
ing air ev aporates mois ture from 
g rain, taking the he at of v aporiz a­
ti on from the air, whi ch will s how a 
te mpe rature d rop wheneve r v apor­
iz ation g oes on. 

Gene rally s pe aking, a i r, a n cl 
g rain wi ll arrive at a hyg ros copic 
balan ce when broug ht toge the r. 
Mois ture wi ll s lowly move from the 
one whi ch has the hig he r  v apor 
press ure to the one with the lower 
v apor press ure. T his me ans that 
the v apor press ure of the s urro un d­
ing air, afte r a s ufficien t ti me, wi ll 
come to eq ual the v apor press ure 
o f  the g rain at i ts s pe cifi c te mp­
e rature an d mois tu re con ten t. Fig­
n re 10 gives these data. 

Sin ce he at is added to the in­
c oming air, i t  can hold more mois­
ture, an d will dry the g rain more 
rapi dly. But the te mpe rature wi ll 
fall, an d as the air moves on 
throug h the g rain, it may co ol to 
the poin t of re aching a s aturate d 



10 Su11tb Dalwta E.\peri111ent Station Ci,·cular 152 

condition or near 100% relative hu­
midity. This may cause one part 
of the grain to be suitable for mold 
growth, while another part is dry­
ing. Still more extreme conditions 
may cause the air to redeposit 
moisture near the air outlet 
which it first took up near the in­
let. On cold steel bin sides or roof, 
water will condense from the mois­
ture-laden air and trickle down the 
bin s ides to the grain. 

The above-mentioned extremes 
are, therefore, prevented to a sub­
stantial degree by "layer type of 
filling." The bin can be filled by 
2-, 3-, or 4-foot layers of grain, 
depending on moisture, with the 
\\·etter grain being placed in a 
thinner layer. Drying takes place 
fastest at the bottom of the layer, 
but the "drying front" gradually 
moves on up. '"'hen the drying has 
reached the top, the next layer 
can be added etc. Each layer add­
ed will mean more back pressure 
and reduced air flow, so drying of 
the upper layers will be slower and 
they probably should be reduced 
in thickness. 

Some typical fan outputs accord­
ing to their static pressures are 
given in table 2. One should con­
sult the manufacturer's ratings for 
a given type of fan. 

The layer method of filling at 
once suggests a retarded filling pat­
tern and brings up the chief ob­
stacle of the method. Slow filling 
procedures either delay the field 
harvest or call for several bins each 
with their fan and heater systems. 
The farmer with his own field 
machinery can adjust the field rate 
to the drying rate. The custom op-

erator is usually not situated to let 
his machines stand idle part of 
the time. 

The rather slow, layer by layer 
fill ing, is a "must" with the sup­
plemental heat method whenever 
the moisture content is a few per­
cent above 12. However, an ad­
vantage is that with careful "layer 
management" one can successful­
ly dry grain that is as high as 301'. 
moisture. Such wet corn was suc­
cessfully dried during the fall of 
1960. These conditions tax the sup­
plemental heat system to the limit 
and call for careful bin manage­
ment and freguent inspection. 
;vr uch of the time the relative hu­
midity of the air leaving the grain 
was near 100%. 

The grain was exposed to air 
that was 10° to 20° F. above the 
normal fall weather. Conditions for 
mold growth were favorable. Mold­
ing in serious proportions was pre­
vented by reducing drying time. 
This in turn was accomplished by 
placing thin layers of the wet 
grain in the bin at a given time. 

BIN MANAGEMENT UNDER 

SUPPLEMENTAL HEAT DRYING 

Management and loading a sup­
plemental heat drying bin depends 
on four principal variables. The 
first is fan size, which determines 
C.F.M. delivery against a given 
back pressure. The second is bin 
floor area (or total floor area of 
several bins connected to the fan). 
The third is the grain depth, which 
due to back pressure, will modify 
the C.F.M. of the fan. The fourth 
variable is the drying abil ity of 
the air itself - a corn bination of 
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te mperature a nd r elat ive hu midity 
a nd th e ne w t emperahir e a nd re la­
t ive hu midity aft er th e air passes the 
bur ner. 

A ir fl ow int o a b in ca n be stat ed 
as t o  C.F.M. p er s quar e fo ot of 
entry or C.F.M. per bushe l. I n  u n­
h eat ed a ir dry ing, one usua lly 
dea ls with C.F.M. per bush el wh er e  
th e b in is f ille d  ra pidly a nd dr ied 
over a long per iod. Rec ommended 
C.F.M. per bushe l is 2, 3, or 5, de­
pendi ng on th e moisture c ont ent. 

Ty pica l sup ple me nta l  heat dry­
ers a nd th eir fa ns ar e des igned f or 
much mor e a ir movement. A 7,000 
C.F.M. fa n (at Jf inch stat ic pr es­
sur e) wou ld del iver near 40 C.F.i\11. 
per s quar e fo ot of entry on a 15 -
f oot r ou nd b in. If the sa me fa n 
wer e deliveri ng t o  t wo such b ins , 
th e C.F.M. per square f oot of en­
try wou ld be s ometh ing ab ove ha lf, 
or 22 -23 C.F.M. For the maj or dry­
ing layer of l)� f eet, th is mea ns 
40 or 22 C.F.M., res pect ive ly, per 
bush el. If th e dry ing lay er w er e  
2Jf fe et deep, th e C.F.M. per bush­
e l  wou ld b ec ome 20 a nd 11, r e­
s pect ively. Th er e  are endl ess c om­
b inat ions of b in s iz e, fa n s ize, 
gra in depth , a nd moistur e c ont ent. 

By tr ia l, one ca n s oon te ll h ow 
dee p a layer of gra in ca n b e  dri ed 
i n  a 24 -h our per iod. O ne pla ns h is 
l oa ding sch edu le t o  get th e max i­
mu m layer dr ied per day. Th is 
ca lls f or carefu l obser vat ion a nd 
t esti ng. Gra in in th e dry ing layer 
of th e b in c omplet es its init ia l dry­
ing b elow 13 t o  15%, after wh ich 
the oth er succ ess ive layers may be 
a dded. Th e gra in in th is f or mer 
layer w il l  c ont inue t o  dry a nd w ill 
not r etar d th e i nit ia l ra pid dry ing 

of th e new t op layer. Th e bott om 
lay er w ill f ina lly get "t oo dry" or 
8% -10% moistur e c onte nt if a c on­
t inu ous h eat is us ed. 

Eff ic ie ncy a nd ec onomy in dry­
ing is br ou ght about by ha ving a 
minimu m r is e  in te mperature, Sa) 
10 t o  15 ° F., a nd by l onger dry ing 
per iods bef or e  a dding a ne w layer. 
Als o, by us ing a hu midistat c on­
tr ol wh ich will turn off the bur ner 
in fa vorab le dry ing ·weather, s ome 
ec onomy on fue l w il l  be note d, 
but it ,,v ill pr ol ong the dry in g  per i­
od. 

Exc ess ively dry layers of c orn in 
th e bi n b ott om ca n be s ome what 
c orr ecte d or " nor mal ize d" by al­
l owing th e fa n t o  blow throu gh the 
bins f or s evera l days w ith u nh eat­
e d  a ir only at th e e nd of the dry­
ing per iod. 

DRYING CORN ON THE WAGON 

Ther e are occas ions where c orn 
may nee d t o  b e  dr ie d on a give n 
far m, but wher e there ar e no dry­
ing bins or batch dryers imme di­
at ely a va ilabl e. Some s ort of tra ns­
portat ion of the new ly shel led c orn 
must be us ed fr om f ie ld t o  the 
far m st ora ge plac e. It is her e where 
th e wa gon dr ier might be a versa­
ti le a nd te mporary s olut ion t o  the 
pr oble m. ,va gons a nd trail ers ca n 
be equ ippe d with fals e fl oors a nd 
c onnecte d t o  a p ortab le h eater -dry­
er by ca nvas duct f or the dry ing 
p er iod. ,i\The n dry, th e c or n  fr om 
th es e  wa gons ca n be du mpe d a nd 
e le vate d int o per ma ne nt st orage. 

Such a n  assemb ly of mach ines 
was use d in the dr)' ing seas ons of 
1958 a nd a ga in in 1959. Figure 4 
sh ows one of the wa gons, e nd-gate 
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Figure 4. Wagon with false floor for grain drying. 

removed. Beside the wagon is the 
false bottom. Three wagons were 
equipped with these sloping false 
bottoms, made of 2-inch framing 
lumber and covered with steel per­
forated bin flooring. 

A small perforation was select­
ed so the floors would hold small 
grain as well as shelled corn. The 
front end-gate of all of the wagons 
was replaced with a special one 
which provided an opening to 
which the canvas duct was attach­
ed, which in turn was attached to 
the dryer. One "Y" shaped tube 
was fabricated, which allowed l:\vo 
loads to be dried simultaneously, 
usually over night. 

The schedule of picker-sheller 
field work was fitted to the drying 
rate. Under favorable conditions 
400 to 600 bushels of shelled corn 
was processed per day. Rate of 
operation depends on many coor­
dinated procedures, such as field 
work, hauling and hauling distan­
ces, and availability of an extra 
tractor for hauling. Hydraulic 
dumps on the wagons are desirable 
for aid in emptying the wagons, and 
adequate elevating machinery from 

wagon to permanent storage is an 
important part. Three wagons 
should be the minimum number 
available, except for very slow har­
vesting and drying operations. 

For drying the corn, the port­
able dryer used for earlier tests 
in drying ear corn was used. This 
was an oil burning, heat exchanger 
type and is shown in figure 5. It 
is one with a 27-inch fan and a 
3 HP electric motor. The drying 
process is similar to that of batch 
drying, in that high temperature 
air is used for rapid drying. The 
drying layer may be deeper, how­
ever, being 24 to 30 inches with 
the wagons used. The drying moves 
up in typical "drying front" fashion. 
The grain is very accessible for ob­
servation, sampling, and testing. 

Since the drying process is re­
duced to a matter of a few hours, 
a moisture tester that will give an 
immediate answer is desirable. The 
problems in connection with mois­
ture testing will be discussed in a 
separate section. The initial costs 
are high for the volume of work 
accomplished, but the dryer, ele­
vator, and wagons are useful for 
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many o th er farm jo bs and can be 
used wi th mor e perman en t  ar­
ran gem en ts for dr yin g a t  a la ter 
e la te. 

BATCH DRYING FOR 

FIELD SHELLED CORN 

Th e " ba tch -dry er" pro cess i s  d e­
si gn ed for th e o pera tor who wi sh es 
to harv est hi gh-moi sture grain, dry 
i t  a t  th e sam e  ra te a s  harv est go es 
on, and load i t  in to perman en t  
stora ge structures whi ch ar e no t 
equi pped for dr yin g. Su ch equi p­
m en t  con cen tra tes som e  hi gh pri c­
ed, unusua lly lar ge equi pm en t a t  
th e farm stead and n ecessi ta tes 
dou ble loadin g eleva tor s. 

Man y ba tch dry er s hav e th e 
dry er loadin g eleva tor bui lt in a s  
par t  of th e uni t. Th e fan s ar e d e­
si gn ed to mov e a lar ge C.F.M. per 
bush el ca pa ci ty, and th e h ea ter 
uni ts ar e d esi gn ed to giv e  a v er y  
hi gh ri se in tem pera tur e wi th som e  
goin g a bov e th e 200°F. ran ge. Mo st 
hav e a shor t air pa ssa ge between 
plenum cham ber and outsid e of 
12 to 24 in ch es or mor e, but th e 
la tter ar e usua lly bui lt on the r ecir­
cula tion prin ci ple. ¥,Ti th r ecir cula­
tion th e eleva tor run s du rin g th e 
dryin g cycle, movin g grain from bo t­
tom to to p and r epo si tionin g  i t. 

Th e advan ta ge of such mov e­
m en t  of th e grain i s  to get uni­
formi ty of dryin g ( to r eblend so 
tha t  th e corn n ex t  to th e plenum 
cham ber i s  no t ov er dri ed whi le 
tha t  n ear th e outsid e wal l i s  less 
than pro per ly dri ed). Recir cula­
tion do es no t guaran tee a bso lute 
uniformi ty, a lthough much pro­
gr ess ha s been mad e wi th f eed er 
me chani sm s  and baff les to aid r e-

cir cula tion. As th e pa th of trav el 
of th e air through th e corn be­
com es shor ter, r ecir cula tion be­
com es less n ecessar y. vVh en th e 
ba tch i s  un load ed a t  the end of 
th e dryin g period, th e corn i s  well 
mixed in th e bin and hi gh and lo w 
moi sture kern el s wi ll gradua lly ad­
just to n ear uniformi ty. 

Ba tch dr yer s  ar e bui lt in siz es 
to hand le 100 bush els per ba tch 
up to and lar ger than 600 bush els. 
A major pro blem i s  to se lect a 
ba tch dry er tha t  wi ll keep up wi th 
th e fi eld output of th e pi cker -sh ell­
er or co mbin e. Th e sma ller siz es 
hav e th e advan ta ge of hand lin g a 
sma ll ba tch for tria l period s and 
end period s. :t,.1Jany of th e lar ger 
dry er s  ar e par ti tion ed so tha t  th ese 
sma ll ba tch es can al so be hand led. 
Th e lar ge dry er s  hav e th e o bvious 
advan ta ge of lar ge ca pa ci ty of dr y­
in g, and a lthough th e fir st co st i s  
hi gh, th e co st per bush el ca pa ci ty 
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is lower. The custom operator who 
wants the corn processed as fast 
as his field machinery can operate 
will need one of the larger port­
able models. 

The batch dryer must be fitted 
to various locations, some of which 
are temporary or "make-shift." A 
dumping pit or receiving bin large 
enough to dump a complete load 
and allow the vehicle to be on its 
way would be ideal .  Under tem­
porary arrangement the receiving 
bin may become just a "pile" on a 
canvas spread on the ground. Fig­
ure 6 shows this arrangement and 
the machine used in tests during 
the 1959 and 1960 seasons. 

An ideal installation would be 
an arrangement where there was 
a dump pit or holding bin for wet 
corn, all-weather access road, and 
where only the unloading elevator 
need be moved from one bin to 
the next. This would call for a 
semi-circular bin arrangement, a 
very large single bin, or a distri­
bution system to load any one of 
several bins. 

MANAGEMENT OF THE 

BATCH DRYER 

The mechanical management of 
the dryer will range from chiefly 

Figure 6. The batch dryer. 

manual control by the operator to 
full automatic. A full automatic 
machine will load itself from a wet 
corn holding bin, keep itself load­
ed after drying and settling, dry 
the corn for a preset time or con­
dition, cool the corn, and then un­
load. Such a machine will immedi­
ately reload itself and repeat the 
cycle, eliminating much of the 
watching and most of the manual 
labor. ,vet corn does not "flow" 
like dry grain, and some work may 
still be needed for wagon and 
truck unloading. 

There are many variables to corn 
drying, such as corn moisture con­
tent, weather, temperature setting 
of the burner, and drying time. The 
operator's job is to match these 
things so that his finished corn 
comes out at the desired moisture 
content of 12-14%. A typical opera­
ting run of the dryer (pictured in 
figure 6) for the 1960 season was 
as follows : October 27-100 bu. fill. 

Drying time-4 hours less 12 min-
utes filling 

Cooling time-20 minutes 
Unloading time-6 minutes 
Beginning moisture 

By quick test-29.6% 
By oven test-25.5% 

Finished moisture 
By quick test-14% 
By oven test-13J�% 

Temperature setting - 140 ° F. 
with burner cycling on and off 
occasionally to maintain the 
same. 

Propane fuel-direct fired system 
Rated fan delivery-8,000 C.F. :M.  

-2HP. 
These figures will show the im­

portance of moisture testing. Test-
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Figure 7. Moisture testers - Di,spatch 
oven (background),  heat lamp and 
scales (front, left), electrical 1 1 5  V., 
electric portable, Brown-Duval. 

ing at time of unloading, or even 
before the major portion of the 
batch load is elevated is a good 
policy. Operations can be halted 
long enough for a quick test if the 
instrument can be operated on the 
site. Such quick tests should be 
verified by a more accurate test 
occasionally and the differences 
noted. Testing of the grain at the 
start of the run is equally as im­
portant, for it will allow the op­
erator to adjust either the time 
period, the drying temperature, or 
both. 

Drying temperatures should be 
watched carefully. The Agricul ­
tural Research Center at Beltsvil le ,  
J\ ifaryland, states that: ( 1 )  heat in 
excess of 1 10°F kills the viability 
of seed corn and (2) corn dried 
at temperatures over 140 ° F is dam­
aged for the wet mil ling process. 
However, South Dakota State Col­
lege research shows that the nu-

tritive value of corn in a complete 
diet is not lowered unt i l  visible 
damage is evident. 

GRAIN MOISTURE TESTING 

Accurate moisture tests should 
be the basis on which all grain 
drying management decisions are 
made. Initial moisture of a sample 
must be made to predict the time 
and temperature settings for any 
fast-dry process. Unheated air dry­
ing is slo,v enough so that tests can 
be made every few days to check the 
progress, and excess drying seldom 
occurs. To take the guesswork out 
of drying, one needs a moisture 
measuring instrument, and the best 
one that he feels his drying activi­
ties warrant. Figure 7 shows some 
grain moisture testing devices. 

Official moisture testing meth­
ods are based on oven drying of 
grain samples. Some of these meth­
ods are briefly stated : 
(a) Air-oven method-grind grain 

sample and dry at 266 ° F for 1 
hour. 

( b )  Water jacketed oven-use 
whole grain and heat in oven at 
212 ° F for 72 to 96 hours. 

( c )  Vacuum oven-grind grain 
sample and place in oven at 
212° F, maintain the oven vacu­

um at 40 mm of mercury, and 
continue for 5 hours. 

These are excellent methods, but 
they fail to yield an immediate 
answer as is sometimes needed. All  
substitute methods should be check­
ed against these standards occa­
sionally so that corrections in their 
readings can be made. 

The distillation methocl b,· 
Brown-Duval testers is reliable an�l 

. .  
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this equipment is available at most 
commercial grain elevators. The 
grain sample is "boiled in oil," driv­
ing off the water as vapor, and 
this is recondensed and measured. 
The apparatus pictured in figure 
7 (left lower) is a distillation ap­
paratus with electric heater ele­
ments and automatic shutoff. Such 
a test takes about 1 hour. 

Some testers heat the sample 
by heat lamp and allow it to be 
weighed in place, figure 7-left. 
. . fost rapid testers are the electri­
cal ones which test a certain con­
ductance of the grain, ·which re­
lates to a corresponding moisture 
content. Temperature corrections 
need to be applied to these read­
ings. The more accurate have dif­
ferent scales that are used for a 
narrow range of moisture content. 
Such testers are shown in figure 
7-front center. 

The electrical testers give the 
immediate answer which is so nec­
essary in running a batch dryer. 
Two precautions must always be 

kept in mind, however. First, sam­
pling must represent a whole batch. 
All parts of a bin or batch do not 
dry at the same rate. Secondly, 
one must allow a correction for 
grain that has been dried rapidly. 
�1Ioisture moves from the central 
part of the grain kernel outward 
to the drying surface, but a time 
element is involved. Fast-dried 
grain may appear to the electric 
or "surface contact" tester as guite 
dry just as it comes from a dryer. 
Several hours later it may "test" 
higher in moisture, for the mois­
ture moves out from the still wet 
central part to the fast-dried sur­
face. 

Figure 8 shows in graphic illus­
tration how this moisture move­
ment takes place. Much of the 
trouble of wet spots and hot spots 
in permanent storage of grain dried 
by the batch method can be traced 
to faulty moisture tests or from 
the operator going by the "dry 
feel" of the grain as it comes from 
a batch drier. 

Figure 8. Graphic illustration of a problem in moisture testing-(left to right) wet 
kernel of grain; partially dry kernel with wet center (tests dry) ;  kernel with uni­
form moisture, but surface shows more moisture. 
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METHODS OF 

CALCULATING MOISTURE 

Practically all of the farm mois­
ture tests are on a "wet basis," or 
express the moisture content as a 
percentage of the total sample 
weight. As grain is handled on the 
farm, sold and purchased on an 
"over the scale" weight basis, the 
"wet basis" moisture calculation is 
most practical. Unfortunately, how­
ever, any change in moisture con­
tent, means a new weight for the 
sample and a new base ·weight for 
the moisture calculation. 

In research work, the moisture­
free weight is sometimes used as 
the base. This means moisture is 
expressed as a percentage of the 

100 
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t 40 

ci 30 
(f) • 

dry weight. The dry base never 
changes during a test, and the 
change in moisture can be record­
ed at various stages of the opera­
tion by a curve. 

COSTS INVOLVED 

IN CORN DRYING 

Corn drying can seldom be sep­
arated from the entire process of 
corn harvest and final storage. A 
more valid approach is to find the 
costs of each component part of 
the entire series, even though such 
things as hauling from field to stor­
age are approximately the same 
regardless of the method of dry­
ing. Operation of the picker-sheller 
is essentially the same for any type 
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of drying, provided the drying 
method does not restrict the rate 
of field operation. 

The research work done by the 
Agricultural Engineering Depart­
ment of the South Dakota State 
College Agricultural Experiment 
Station was not ahvays typical of 
actual farm operations. Distances 
in hauling far exceeded the nor­
mal and intermittent work periods 
reduced labor efficiency. The small-

er sizes of bins and d1yers were e.\­
cellent for repeated tests but were 
not as efficient as larger sizes when 
placed in the environment of nor­
mal farm operations. 

The results obtained from the 
many research tests have, there­
fore, been translated to two hypo­
thetical situations-a 5,000-bushel­
per-year crop and a 10,000-bushel­
per-year crop. Proper bin storage 
and proper fan or dryer sizes were 
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se lecte d for ea ch of th e tw o ca ses. 
Cost of dr ying w ith (1) u nh eat ed 
a ir, ( 2 )  su pplement h eat, a nd 
(3) th e bat ch dryer ha ve been 
ca lcu lat ed for th e tw o qua nt it ies. 
Th e six var iat ions ar e ta bu lat ed 
an d su mmar iz ed in ta ble l. 

Mu ch mor e deta iled ·w ork sh eet s 
w er e  u sed t o  arr ive at th e var iou s 
su mmar y figur es, but th ese w ork 
sh eet s ar e not inclu ded in th is pu b­
licat ion. Ho,,.v ever, th e ba sic a ssu m­
t ions ma de befor e  sett ing out t o  
ca lcu lat e cost s for a given situat ion 
ar e pr esent ed. 

Be for e  year ly cost s of ma ch iner y  
can be ca lcu lat ed, a ssu mpt ions 
mu st be ma de on th e life of th e 
ma ch ine. Th ese a ssu mpt ions th en 
ru le out th e part wh ich a cr ea ge or 
qua nt it y  might pla y in th e life of 
th e ma ch ine. Th is r esu lt s  in th e 
situat ion wh er e  cost per bu sh el for 
th e 5 ,000 -bu sh el cr op is near ly 
tw ice a s  h igh a s  for th e 10,000 -
bu sh el cr op ( see " field-har vest" 
colu mn, ta ble 1). Th er e  ar e some 
ar gu ment s  for u sing a specified 
" year s  of ser vice" r egar dless of 
a cr ea ge or qua nt it y  in that a ft er 
a given per iod, ma ch ines det er io­
rat e or become obsolet e. 

Th e goa l for th e compilat ion of 
figu res in table 1 wa s t o  give exa ct 
c omparat ive figu re s  for th e differ-

ent meth ods of dr yin g. Th e bat ch 
dr yer is u sed on 30% cor n a nd th e 
u nh eat ed a ir syst em on 20% cor n. 
It is a lso r ecogniz ed that a n  in­
dividua l operat or w ou ld start w ith 
differ ent ba sic a ssu mpt ions, cost s, 
a cr es, et c. a nd arr ive at differ ent 
a nsw er s, wh ich cou ld be mor e a c­
curat e for h is situat ion. 

Ta ble 1 gives in tur n th e t ota l 
cost a nd th e cost per bu sh el for :  
(1) field har vest w ith th e pick er­
she ller; (2) hau ling by tra ct or a nd 
wa gons; (3) ha ndling at th e bins 
f or du mping a nd one elevat ion, 
common t o  a ll meth ods; (4) bin 
cost s of th e maj or port ion of th e 
bin s  needed for annua l st ora ge 
of th e cr op; a nd (5) dr ying ma­
ch iner y cost s, fu el a nd pow er cost s, 
a nd bin a ccessor y  cost s for a given 
dry ing pr ocedur e. 

Part (5) wa s divided t o  sh ow 
th e thr ee dr yin g meth ods: (5) th e 
u nh eat ed a ir dr yin g for 20% mois­
tur e corn, (SA) for th e su pple­
menta l h eat dr ying of 25% mois­
tur e cor n, a nd (SB) for th e bat ch 
dry ing at 140 ° F a ir for th e 30% 
moistu re cor n. Ea ch dr ying meth od 
wa s u sed in it s logica l  situat ion ,  
a lth oM gh it mu st be k ept in mind 
that th e fina l  figur es of dr ying cost s 
per bush el ar e not dire ct ly com­
parable. 



Table I .  Costs of Harvesting and Drying 

5,000 bu. L0,000 bu. 
First cost Annual cost Labor cost Fuel, power Total $/bu. Total $/bu. 

I .  Field harvest-50 HP tractor___ _____ $2,600.00 ------ 5,000 bu .- 6 da .  
Pul l  type 2-row picker-shel ler___ _____ 3,500.00 ------ 1 0,000 bu.- 1 2  da. 
5 ,000 bu. /year ________________ _ _______ ___ $542.35 $ 60.00 $ 48.00 $650.35 . 1 3 0  

1 0,000 bu ./year --------------------- ________ ------ 542.35 1 20.00 96.00 ------ $758.35 .076 
2. Hauling costs 

� OOO b { 1 tractor ---------------------- 2 ,600.00 
) , u .  2 wagons and dump 1 ,450.00 

74.32 30.00 1 9 .20 1 23 .52 .025 

1 0  OOO b { l tractor ---------------------- 2,600 .00 79.52 60.00 38.40 ------ ------ 1 77 .92 .0 1 8  
' u .  3 wagons and dump _ 2 ,050.00 

r-i 3 .  H:mdling at the bins 

5 ,OOO bu .  { l elevator __________________ 800.00 73.40 1 5 .00 0.44 88 .84 .0 1 7  
3 HP motor ____________ 225.00 

1 0,000 bu.-Grain spreader* __________ 50 .00 73.40 30 .00 0.88 104.28 .0 1 0  

4 .  Bin costs 
5,000 bu .-2 bins, 22 '9" x 9' ______ _ 2 ,860 .00 257.LO 5 .00 ------ 262.20 .053 

1 0,000 bu.-4 bins, 22 '9" x 9' ____ ___ 5 ,720.00 5 1 4 .40 1 0.00 ------ ------ 524 .40 .052 
Subtot�l parts 1 ,  2, 3, 4 ------------------------------------------- -- --------------------- - - - .225 . 1 56 

5. Unheated Air Drying (20%- 1 2 % )  
5 ,000 bu.-Duct work, 2-floor, 

1 fan -------------------------------------------- 540.00 73.80 4.00 77.50 1 55.30 .03 1 
1 0,000 bu .-Duct work, 4-floor, 

2 fans ----------------------------------- _____ l ,080.00 1 47 .60 8.00 1 55 .00 ------ 3 1 0.60 .03 1 
Totd 1, 2, 3, 4, 5 __________________________ ·---------- ------------------------------------------- .256 . 187 



N -

5a. Suppleme'ltal heat drying ( 25%- 1 2%) 
5,000 bu.- Same as for unheated 

air p lus burner ( 500 gal .  t ank )  1 ,5 80.00 200.00 
I 0,000 bu.-Same as for unheated 

1 8 .35 1 4 1 .50 359.85 .072 

air plus burner ( 1 ,000 gal .  tank ) 3,080.00 387.80 26.80 283.00 -·--·- . ____ 697.60 .070 
Total 1, 2, 3, 4, Sa ------------·-······--·---------------------- ---------------------------------· .297 .226 

� � � � ���� � � � � �-
5 b. Batch drying- 5  HP fan ( 30%- 1 2 % )  

5,000 bu.- 1 50 b u .  batch s ize ____ 3,900.00 494.00 1 5 .00 2 1 5 .20 724.20 . 1 46 
1 0,000 bu .-255 bu.  batch size ____ _ 4,400.00 375 .00 30.00 377.05 ______ ______ 982 .05 .098 

• Plus equipment for 5,000 bushels. 

Total 1, 2, 3, 4, Sb___________________________________________________________ ______________ .37 1 .2 5 f 



Table 2. Some Manufacturers' Ratings of Grain Drying Fans 

FAN DESCIUPTI 0:"1 

No. Diam.-

Type blades R.P.M. ctcr 

Vane axial _____ ____ 4 3 ,450 1 8" 
Vane axial ---· ____ 4 3,450 1 8" 
Vane axial __ _ ____ 4 3,450 22" 
Propellor ---·------ 4 Belted'� 30" 
Tube axial __________ 7 3,450 1 6" 
Tub: axial ____ ____ 7 3,450 2 1 " 
Tube axial __________ 7 3,450 24" 

� Assumptions for Cost Analysi6 

I .  Field operations based on 60 bu./ A. 
yield, 2 Yz MPH operating speed, 42" 
rows, 6Yz hr./day actual operat ing 
time, 1 3 .8 acres/day, 50 HP tractor. 

2 .  Fuel costs, tractor belt HP x .8 x $.20 
x days. 

3 .  Estimated years l i fe of machine and 
equipment. 

Tractors, picker-sheller, fans, and 
batch dryers-IS years 

Steel bins, hydraulic dump-20 years 

- - - - ---- -- - - --� 
C.F.M. OF A IR AT S"l"ATIC P IU::-iSlJ IU. O F :  

H P  of 

n1otor 0 'Ii Y1 3/, 

l �� 
3 
5 
5 
l Yz 
3 
5 

- ---- 5,�60 
7,860 

------ ------ 1 1 , 1 30 - ----
1 8,8CO ----- 1 7,600 
4 , 100 3,700 3,560 3,400 
8,630 8,325 8,000 7,675 

1 2 ,900 1 2,600 1 2,250 1 1 ,950 

4.  Percentage of  year's work charged to 
corn harvest. 
Tractors-1 / 1 0  year 
Elevator- Yz year 
Wagons- Y5 year 
Bins-full year 
Picker-sheller-full year 
Dryers-full year 

5. Moisture reduction for corn. 
Unheated air  d rying ______ 20% to 1 2% 
Supplemental heat drying __________ _ . 

25% to 1 2 %  
Batch drying ___ -------------- 30% to 1 2% 

I I Y1 2 3 --
5,060 4 ,640 4 , 1 80 2 ,770 
7,4'50 7,000 6,560 5,580 

1 0,650 1 0, 1 90 9,650 8,460 
1 5 ,400 1 1 ,200 7,000 
3,250 2,920 2,480 1 ,420 
7,325 6,575 5,850 4 , 1 00 

l 1 ,600 J0,900 1 9,050 8,000 

6. Assumptions for probable dryer oper­
ating conditions. 
Unheated air-600 h rs .  operation-5 

HP /fan, 45 ° F. ai r@75% R .H. 
Supplemental heat- 1 6  to 20  days, 5 

HP /fan, 45 ° F. a ir, 1 5 ° F. rise. 
Batch dryers-drying period 4 hrs., 

1 40° F. temperature. 1 2  min .  load, 
12 min. cool, 6 min. un loading. 
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SUMMARY 

1. Pi cker -sheller m achin ery f or 
fi eld har vest of corn has pr oven 
sati sf act or y f or corn har vest in 
Sout h Dakot a an d probably wi ll 
be use d in in creasin g n umbers. 
All st alks, husks, an d cobs ar e 
left in t he fi eld an d grain alon e 
i s  hauled t o  t he f arm st ead. T hus 
it f ulfi lls t he " on ce-over" com­
pleti on of corn harvest w hi ch i s  
a goal t o  w or k  f or in an y har­
vest m achin e. 

2. Shelled corn ne eds less bin space 
t han ear corn an d f ost er s st orage 
in ti ght er str uct ures t hat, i de ally, 
are weat her proof an d bi rd an d 
rodent proof. 

3. T he she lled corn i s  in a semi­
f lui d  f orm t hat i s  well suit ed t o  
move t hr ou gh con veyors an d 
machin es enr out e t o  an d t hrough 
aut omati c f eed yar d m achin es. 

4. T he pi cker- sheller allow s f or 
early an d rapi d corn harvest, 
alt hough it has n o  m on opoly i n  
t hi s  r espect, f or t he ot her kin ds 
of m achin es wil l al so do t hi s. 
T he pi cker -sheller does an ac­
cept able j ob wit h  corn at 30% 
m oi st ur e  an d an ex cellent j ob 
wit h corn at 25% m oi sh1r e or less. 
T hi s  i s  assumin g t he corn was 
f ull y m at ured bef or e fr ost. 

.5. Un heat ed air dr yin g of corn i s  a 
sati sf act ory and t rouble-f ree w ay 
t o  dr y corn t hat i s  placed in t he 
bin at n ear 20% m oi st ur e  or less. 
Lat e O ct ober, m ost of N ovem­
ber, an d some of December pro­
vi de sati sf act or y weat her con di­
ti on s  f or un heat ed ai r dryin g in 

Sout h Dakot a. It does litt le good, 
wit h  r espect t o  dryin g, t o  blow 
below 0°F air t hrough t he gr ain. 
N o  harmf ul eff ect s are cause d 
by t hi s  col d air, howe ve r. Un­
heat ed air dr yin g i s  slow an d t he 

f an s  m ay n ee d  t o  run f rom 2 t o  
5 weeks. 

6. Supplem ent al heat dryin g can 
be cl on e  wit h t he same bin an d 
f an eq ui pm ent as un heat ed ai r 
dr yin g, wit h t he additi on of the 
burn er an d f uel st or age f acili­
ti es. C orn t hat i s  25% m oi st ure 
or less i s  workable wit h such a 
dryin g syst em. C orn must be 
added in 2 t o  4 f oot laye rs, an d 
when dryin g i s  approachin g com­
pleti on t he next l ay er i s  added. 
Such a n ecessity m ay ret ar d  
fi eld wo rk un less m ulti ple bin s  
an d f an s  ar e use d. Dryin g peri­
ods ar e short en ed as com pare d 
t o  un heat ed air dryin g, but f uel 
cost s an d eq ui pment cost s  are 
added. 

7. T he bat ch dr ye r, usin g dryi ng 
t em per at ures of 140 ° F or hi gher 
wi ll dr y cor n in 1 t o  4 hour s, de­
pen din g on it s m oi st ure cont ent. 
Grain above 30% m oi st ur e  con­
t ent could be dri ed, but, sin ce 
it does n ot shell sati sf act ori ly, 
t hi s  i s  n ot r ecommen de d. N o  
speci al bin arran gement s are 
n eeded sin ce t he bat ch dr yer i s  
a self -cont ain ed unit. T he hi gh 
i niti al cost, an d it s eff ect on t ot al 
cost of dr yin g, in di cat e it i s  be st 
suit ed for t he large operat or, for 
j oint ow nershi p  ar ran gement s, or 
f or t he cust om ope rat or. 
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8. An accurate, low-cost, portable 
moisture tester is by far the 
greatest aid to the successful op­
eration of any crop dryer. Such 
a tester takes the guesswork out 
of drying and helps one plan 
his proper bin managemen1 
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