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1. INTRODUCTION

Among the major grain sorghum producing states, Kansas is actually a
leading sorghum state in this nation (Jackson et al., 1980).

Because of the large grain sorghum production, off farm commercial
storage and on farm storage capacities have been increased considerably.
Consequently, many investigators are working in the problems of grain
sorghum storage to determine optimum or recommendable storing and handling
conditions.

As is known, grain sorghum must be dried to a certain Tevel of mois-
ture content before stecring for a given period, but the constant increase
in the petroleum fuel costs and increased competition for petroleum
oroducts have made the conservation of energy an important cost and manage-
ment factor. In this sense, many systems were studied and the results Ted
to the conclusion that natural air drying of grains offers potential for
reducing energy requirements and it is often most effective when used in
combination drying (Morey et al., 1979) where the high temperature dryer
reduces the moisture content tc a level where drying can be completed in
storage with ambient air. According to Foster (1953), mechanical ventila-
tion with unheated air offers certain advantages over heated air because
it is less expensive, requires less supervision and generally presents
less fire hazard than drying with heated air. However, the effectiveness
of unheated air drying is dependent on the uncontrollable weather condi-
tions and other factors Tike moisture ranges through which grain is tc be
dried, airflow rate, initial grain moisture content, grain depth and
harvest dates. Thus, it becomes important to evaluate these factors and
to establish the recommended conditions to dry the grain without

objectionable quality deterioration. This would require the oparaticn of



a large number of field or laboratory facilities for several years so that
this approach becomes prohibitive in funds and time required. Therefore,
simulation by means of computer programs became the substituting way to
predict the feasibility of grain sorghum drying by natural air. In this
sense and considering that there were no specific information of grain
sorghum drying systems for this area of Kansas; this study was made in
order to establish recommended natural air drying systems for grain

sorghum under the Kansas weather.



2. OBJECTIVES

The general objective of this work was to evaluate the grain
sorghum drying performance by means of a simulation computer program, and
to predict the feasibility of practicing the grain sorghum drying by
natural air in various districts in the State of Kansas.

Specific objectives were:

1. To show the effects of changes in yearly weather conditions
on the natural-air drying performance.

2. To examine the effect of airflow rates on dry matter loss and
grain moisture content along the grain bed depth for various
initial grain moisture contents.

3. To determine the drying time necessary to reach a grain
moisture content for a safe storage.

4. To determine a recommendable airflow rate for a given grain

depth and initial moisture content of grain.



3. LITERATURE REVIEW

3.1 Kansas Grain Sorghum Production

3.1.1

Production by Districts

In order to determine the study areas for the simulation of drying

operation in Kansas, it was necessary to know the major districts for

grain sorghum production.

by districts in Kansas for the last four years.

down for boundary of districts in Kansas.

Table 1 summarizes grain sorghum production

Figure 1 shows a break-

Table 1. Grain sorghum production by districts in Kansasjo‘

Production (Bushels)
Districts 1976 1977 1978 1979
Northwest 3,923,600 8,643,500 5,796,700 7,373,000
West Central 5,912,100 9,185,900 7,755,600 10,622,100
Southwest 32,091,200 38,232,300 43,323,900 45,121,300
North Central 20,512,500 35,762,400 28,877,700 37,172,000
Central 16,905,30C 27,282,500 21,599,800 26,635,900
South Central 17,289,700 29,662,600 21,577,600 24,628,400
Northeast 29,332,800 33,754,200 36,889,100 40,467,800
East Central 21,220,400 31,716,600 24,418,800 36,118,300
Southeast 22,662,400 28,760,000 18,800,800 28,541,200
]O'Kansas Crop and Livestock Reporting Service. 1980.

3.1.2 Harvest Dates in the Kansas Districts

In general, usual harvesting dates in the state of Kansas are:

Begin:

Most active:

September 20

Cctober 10-Novembar 10

End: December 1
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Figure 1.

Kansas Districts. The districts are designated as foilows:
northwest (NW), west central (WC), southwest (SW), north
central (NC), central (C), south central (SC), northeast

(NE), east central (EC}, and southeast {SE).



In Tables 2 and 3, percentages harvested by specified dates are shown

for two periods.

Table 2. Percenta?? of sorghum acreage harvested, Kansas, 1963-1973

average.
October November
District 1 10 20 30 10 20 30
Northwest 0 10 30 50 70 ° 85 90
West Central 8 10 28 45 70 80 90
Southwest 5 10 25 45 65 80 90
North Central 10 15 35 55 75 85 90
Central 15 20 40 §5 70 85 90
South Central 15 20 35 50 70 80 85
Northeast 20 35 50 70 80 30 95
East Central 25 45 60 70 80 90 95
Southeast 50 65 75 85 90 95 100
State 15 25 40 55 75 85 90

}]'Kansas Crop and Livestock Reporting Service. August 1979.



Table 3. Percenta?$ of sorghum acreage harvested, Kansas, 1973-1977

average.
October November
District 1 10 20 30 10 20 30
Northwest 0 10 35 65 85 90 95
West Centrai 5 15 35 a5 70 85 95
Southwest 5 15 30 50 70 80 95
North Central 10 20 40 60 80 90 95
Central 10 20 35 5% 70 85 95
South Central 5 15 30 50 65 75 90
Northeast 25 35 50 70 80 90 95
East Central 25 40 55 65 80 85 95
Southeast 40 50 55 70 80 85 95
State 10 25 40 60 75 85 95

3.2 Kansas Weather
3.2.1 General Narrative Climatological Summary of Kansas Neather]]'
Kansas climate is a distinctly continental type with invigorating
large daily, seasonal and annual temperature changes. - The precipitation
pattern also is subject to seasonal variations, with annual differences
from west to east across the State much Targer than variations from north
to south. In addition to these short-time changes there are occasional
periods of drouth in which several years with low rainfall and high

temperatures follow each other, and periods of flood in which heavy rain-

fall recurs. Between these irreguiar extreme periods are individual

11‘Kansas Crop and Livestock Reporting Service. August 1G79.



years or periods of years in which more nearly normal temperatures and
precipitation prevail. No two years are alike.

Most of Kansas is subject to extreme temperatures of 110° to 120°F on
the warm side and as cold as -25° and -30°F. However, such extremes are
the exception. Normally, days per year on which the temperature rises to
90°F or above ranges from 50 in the northeast to 80 in the south central.
The number of days 100°F or higher averages 10 in the northeast and
increases to about twice that number over much of the central third. The
number of days per winter in which the maximum temperature does not rise
above 30°F is about 15 for the Oklahoma border counties to almost double
that near the Nebraska line. The number of mornings per year with a
minimum of 32°F or lower is approximately 100 in the southeast and rises
to 160 in the northwest. Number of days with zero or lower temperature
averages 10 annually in the extreme northwest but only 2 in the south
central counties.

The average freeze-free period extends over approximately 200 days in

the southeast but is reduced to 150 days in the northwest.

3.2.2 Narrative Climatological Summary by Region521'

Topeka.

Topeka, located near the geographical center of the United States,
close to the western edge of the prairie-lands corn belt, the southern
edge of the glacial drift, and about the middle of the temperate zone,
of fers all the variety in weather generally found in an inland locality
separated by mountains or great distances from the modifying influence

of the ocean.

21'U.S. Department of Commerce. Weather Data Library, Manhattan, Kansas.



Normally more than 70 percent of the annual precipitation falls dur-
ing the six crop-growing months, April through September. The rains of
this period are usually of short duration, predominantly of the thunder-
shower type and occur more frequently during the nighttime and early
morning hours than at other times of the day.

The greatest 24-hour amount of record is 8.08 inches on September
6-7, 1909. Twenty-four-hour falls of 5 inches or more occur about once
in 9 years; 4 inches or more four times in 10 years; 3 inches or more
eight times in 10 years; and 2 inches or more five times every 2 years.
Rainfall, amounting to an inch in an hour, occurs with a frequency of five
times every 2 years, and falls of 2 inches in two hours can be expected
one year out of two. Maximum falls observed in various time periods are:
5 minutes, 0.90"; 10 minutes, 1.40"; 15 minutes, 1.55"; 20 minutes, 2.08";
30 minutes, 2.92"; 60 minutes, 4.16"; and 120 minutes, 4.77".

Dry summers are hot with Tow relative humidity and persistent
southerly winds; years with more moisture are cooler. Oppressively warm
periods with high relative humidity are usually of short duration.

Winters average about 50°F cooler than summers. Cold spells are
seldom prolonged; only on rare occasions do daytime temperatures fail to
rise above the zero mark. Cold air invasions are usually ushered in by
strong north or northwesterly winds, but less than half of these are
accompanied by precipitation. Winter precipitation is often in the form
of snow, sleet, or glaze, but storms of such severity as to prevent
normal movement of traffic or to interfere with scheduled activity are
not common. Blizzards are infrequent.

Autumn is characteristically a season of warm dry, ccol nights, and
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infrequent precipitation, with cold air invasions gradually increasing in
intensity as the season progresses.
Nearly all crops of the temperate zone can be produced in the

vicinity of Topeka with its growing season of almost 200 days.

Dodge City.

The climate of Dodge City and southwestern Kansas is classified as
semiarid. Dodge City is nearly 300 miles east of the Rocky Mountains,
but the weather reflects the influence of the mountains. The mountains
form a barricade against all except high level moisture from the south-
west, west, and northwest. Chinook winds occur occasionally but with
less frequency and effect than at stations farther to the west. Rela-
tively dry air predominating with an abundance of sunshine contribute to
broad diurnal temperature ranges.

The average annual precipitation accumulates to near 20 inches.
Thunderstorms during the growing season contribute most of the moisture.
In general, the thunderstorms are widely scattered, occurring during the
late afternoons and evenings. Winter is the dry season.

The extreme temperatures recorded for Dodge City range from 109° to
-26°F. Afternoon temperatures in the nineties prevail during the summer
months; temperatures above 100°F are the exception. Due to low humidity
and a continual breeze, these temperatures are effectively moderated.
Temperatures drop sharply after sunset. Temperatures below zerg are
infrequent and of only a few hours duration each winter.

Western Kansas is noted for clear skies and abundance of sunshine

with seldom a day the sun fails to shine.
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Wichita.

Wichita 1ies in the path of alternate masses of warm, moist air mov-
ing northward from the Gulf of Mexico and cold, dry air moving southward
from the Polar Regions. Consequently, weather in this area is subject to
frequent and often abrupt changes. Summer months are usually warm and
occasionally the term "hot" is a better description. On the average,
temperatures of 90°F or above occur on 60 to 65 days per year, while read-
ings of zero or lower occur on about two days per year.

Wichita has an elevation of a 1ittle more than 1,300 feet above sea
level. The average freeze-free period has a duration of about six and one-
half months, extending from mid-April to late October.

It is of significance to agriculture that a large portion of the pre-
cipitation falls during the growing season. The six months, April through
September, account for about 70 percent of the annual precipitation.

The heaviest amounts of snow occur in the months of December through
March.

The prevailing wind direction is southerly and the average velocity
compares with other midwestern areas. Strong northerly winds often follow
the passage of the occasionally severe cald fronts characteristic of Great

Plains weather.

Concordia.

A wide variety of weather occurs in this vicinity which makes pos-
sible a great range in crop production.

Precipitation is 1ight during the winter months, increasing in the
spring until June and dropping off during the autumn months. Thunder-

storms are frequent in May, June, July, and August. Although heavy falls
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of snow are not uncommon, severe storms that paralyze industry and agri-
culture are very rare.

The average annual range in temperature is from 5°F below zero to
104°F. Sustained periods of hot, dry, and windy weather frequently occur
in July and August with temperatures of 100°F or more recorded for a week
at a time. The average date in the autumn for the first 32°F temperature
is October 21.

A period of mild, dry Indian Summer weather usually occurs in October

and early November before the winter snow and cold begin.

Goodland.

Goodland is situated on an intermediate plain with very few native
trees. The terrain rises gradually from east to west with only minor
variations from north to south. The rate of rise is about 1600 feet per
150 miles to the east of Goodland and about 2500 feet per 150 miles to the
west. This gradual slope in terrain makes conditions favorable for upslope
fog, low clouds and drizzle with easterly winds, particularly during the
spring months.

This is a typical steppe climate with wide variations in precipita-
tion from year to year. Evaporation generally exceeds precipitation dur-
ing the summer months. The mean monthly rainfall increases in the spring
to a maximum in June. The frequency of thunderstorms normally increases
to a maximum in July with a marked decrease in September.

The heaviest snowfall is most 1ikely to occur in March, although
heavy snows have been recorded in every month from October through May.

Temperatufes follow the usual continental regime with January nor-

mally the coldest month and July the warmest. Subzero temperatures occur
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frequently in January and February and have occurred as early as November
2 and as late as March 27.

Considering the importance of the yearly changes of weather in Kansas
it was necessary to analyze quantitatively the temperatures and relative
humidities in the study areas. For this purpose, Figure 2 shows the
average temperatures and relative humidities during October and November
from 1963 to 1973 for the areas of Topeka, Dodge City, Wichita, Concordia
and Goodland.

3.3 Grain Sorghum Drying by Natural Air

Slow-drying of high moisture grain sorghum tests conducted by Converse
et al. (1973), have established that any delay in controlling humidity and
temperature in moist grain will provide favorable conditions for storage
fungi to invade. Their conclusions were:

1) Airflow rates of 14 to 2 c.f.m. per bushel were effective and
efficiently controlled moid invasion for 22% percent moisture sorghum.

2) Success depends upon maintaining continuous fan operation until
moisture content of the surface grain is below 14 percent.

Thompson et al. (1969) studied the performce of various temperature
control systems for chilled high-moisture grain storage, and concluded
that under some conditions a system with continuous aeration will perform
better than more complicated systems using mechanical refrigeration.

Performance of low-temperature, solar-heated and ambient air drying
systems has also been evaluated by Pierce and Thompson (1976), Bakker et
al. (1977) and Morey et al. (1977). These studies showed that grain dry-
ing by natural air was effective and efficient method of drying. Tﬁe
results showed that drying could be completed within safe storage limits

if airflow rates were matched with initial moisture contents. Results
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also showed that by increasing airflow rates 10 to 15 percent, ambient
air drying was equivalent to solar supplemental heat drying. Experimental
and simulated results (Morey, 1977), have also indicated that adding 1 to
2°C temperature rise to the drying air with electric or fossil fuel
sources significantly increases the energy requirement per unit of water
removed compared to ambient air drying.

Another important experiment on ambient and solar-heated air drying
for sorghum and corn was conducted by Converse, Foster and Sauer (1977).
They concluded that drying rate was mainly dependent on airflow rate and
grain deterioration was confined to the upper grain layers and mainly in
areas of reduced airflow rate due to fine-material in the grain. Their
results can be seen in Table 4.

Table 4. DescTiption of Converse's grain sorghum drying test by natural
air.

Average Moisture Content Continuous

Bin Harvest Grain Fan Airflow
Diameter Dates Depth Initial Final Operation Rate
(feet) (feet) (%) (%) (days) {cfm/bu)
15 Nov. 16 4.1 20.4 16.2 28 3.32
15 Sept. 17 5.5 23.6 14.2 22 2.15

]Tests developed at U.S. Grain Marketing Research Center, Manhattan, KS.

The U.S. Department of Agriculture recommended the conditions for
natural air drying of grain sorghum shown in Table 5 (Sorensen and Crane,

1960).
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Table 5. USDA recommended conditions for natural air drying of grain

sarghum.
Grain Moisture Recommended Maximum Recommended Minimum
Content, % Depth of Grain, feet Airflow, cfm/bu
20 8 3
18 10.5 2
16 16 1

Note: These values are somewhat conservative. No Tocation specified.

* Recently ambient air drying systems for shelled corn were conducted
by Morey et al. (1979). Their drying performances were simulated by using
various years of weather data in St. Cloud, MN, Des Moines, IA and
Indianapolis, IN. Their more important conclusions were: 1) continuous
fan operation, under an appropriate fall shut-off and spring start-up
procedure, is preferable to management strategies which involve turning
off the fan based on relative humidity, temperature, or a time clock;

2) filling the bin over a period of time allows an increase in allowable
initial moisture content of up to 3 percentage points, depending on the
schedule, compared to a single-fill procedure; 3) increasing airflow to
2.2 m>/min-t (2 c.f.m./Bu) for a full bin (10.7 feet-depth) allows the
initial moisture content to be increased to as much as 27 percent on a
delayed-fill schedule, but fan power and depth restrictions may limit this
application; and 4) stirring offers potential advantages for reducing
maximum dry-matter decomposition and minimizes overdrying. Stirring at
7- to 14-day intervals appears to be preferable to continuous stirring.
Solar Energy subcommittee of the Midwest Plan Service, 1980, also

published some results for corn drying by natural air using a bin 30
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feet in diameter with 17.5 feet of shelled corn. Table 6 shows the

details.

Table 6. Low Temperature and Solar Grain Drying Handbook results (based
on 28 years of average weather data for Des Moines, Iowa) for

corn drying.

Bin #1 Bin #2

10 Hp 10 Hp

1.1 cfm/bu 1.1 cfm/bu
3.13" Sp 3.13" Sp

2.5°F from fan 2.5°F from fan
2.5°F supplem.

Bin #3

20 Hp

1.4 cfm/bu
4.63" SP

3.8°F from fan

heat
Date start Oct. 15 Oct. 15 Oct. 15
Initial corn M.C., % w.b. 22 22 22
Date dry Nov. 30 Nov. 22 Nov. 13
M.C. range, % i3.3 to 15.5 12.1 to 15.2 12.5 to 15.4
Avg. final M.C., % w.b. 14.2 13.2 13.4
Temp. range, °F 34.5 to 34 41 to 39.2 44.8 to 42.7
Fan hours, drying 1,104 912 696
Kilowatt hrs, used 9,685 16,027 12,212

A1l of the experiments and results mentioned above, indicate that

grain sorghum drying by natural air was successful for specified condi-

tions of airflow rate, grain depth and initial moisture content, but

actually there are no specific recommendations for applying ambient air

drying in the main areas of grain sorghum production in Kansas.

3.4 Index of Grain Deterioration

Grain deterioration is one of the main variables that needs to be

controlled with temporary storage procedures. This deterioration is a
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function of the respiration or oxidation of the grain and is highly depen-
dent on the temperature and moisture content of the grain (Thompson, 1972).
Steele et al. (1969) measured carbon dioxide production from shelled corn
held under various conditions and related this to dry matter decomposition
of the shelled corn. Families of curves were presented to permit calcula-
tion of permissible storage times as a function of the temperature,
moisture content and mechanical damage of the corn kernels.

Saul's studies (U.S. Department of Agriculture, 1968) indicated that
with a 0.5 percent dry matter decomposition, corn Toses some gquality but
keeps its market grade. If the decomposition is higher, loss in quality
reduces the market grade. Thus,-0.5 percent decomposition is about the
1imit without a reduction in grade.

There are other tests that are used to determine the condition of
grain and to predict its future storage behavior. Those tests include:

1) visual observation; 2) increased fungal population; 3) decrease in
germinability or viability; 4) heating; 5) production of toxins; and
6) various biochemical changes, including those that result in mustiness,

souring, high fat acidity, or bitterness.
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4. DIGITAL COMPUTER SIMULATION PROGRAM

The original computer program called KSUDRYER was developed by
Samuel G. Maurer in cooperation with Dr. Harry B. Pfost {Kansas State
University, Food and Feed Grain Institute, 1978) and prepared for the
Agency for International Development, U.S. Dept. of State.

The basic model developed for corn, was tested against actual
drying results obtained in tests conducted by the U.S.D.A. Grain Market-
ing Research Center, Manhattan, Kansas, and found to be acceptable.

'KSUDRYER was extended to grain sorghum by Dong I. Chang under the
supervision ~f Dr. Do S. Chung (KSU, Agricultural Engineering Department,
1979). This modified program was also validated and deposited on tape
under the name SORGMDRY, which was used in the drying simulations.

~ The following four sections were extracted from the report prepared
by Samuel G. Maurer and Dr. Harry B. Pfost, 1978 (KSU, Food and Feed

Grain Institute, Research Report No. 13, September, 1978).

4.1 General Description
KSUDRYER (SORGMDRY) is a program written to predict drying perfor-

mance of natural or supplemental heated aeration grain dryers. The
program reads in the design parameters of grain type and condition,
loading data, fan curve(s) and fan management control variables. The
program then computes the final conditions of grain and air for each
layer within the bin at each time interval. OQOutput can consist of:
input parameters, input weather data, interpolated weather data for
further study, intermediate grain conditions, final grain conditions,

energy requirements and drying time required.



4.2 Input Requirements
A. JCL
//JOBNAME JOB(SSN, ACCT NUMBER),'YOUR NAME', TIME=(,29)
Should the user specify values for external files, NVALID,
NOUTWR, NTABLE additional JCL may be required in these
locations. This example has NREAD=5, NPRINT=6, NWTHR=3.
//EXEC FORTGG, P=SORGMDRY
//STEPLIB DD DSN=DSKN7.LOADLIB,DISP=SHR
Should the user specify values for external files, NVALID,
NOUTWR additional JCL may be required in these locations.
This example has NREAD=5, NPRINT=6, NWTHR=3, NTABLE=13.
//GO.FTO3FO01 DD DODNAME=SYSLN1
//SYSIN1 DD *

Weather Data Deck

/*

//GO.FT13F001 DD SYSOUT=A,DCB=(RECFM=UA, BLKSIZE=133)
//GO.SYSIN DD *

Problem Decks
/*

B. Weather Data Decks
The program allows multiple sets of weather data to be used
during a single job. However, a problem deck and file number

(NWTHR) must be supplied for each weather deck. Each weather
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deck consists of card images of the following format (4(13,12,I3
12,F4.2,2X),2%,A4,A2,8X). The first field of numbers are:
1. NPS - Number of weather data points to be read in this
weather deck
2. IDT - Indicating variable for weather data time interval.
0 - Mixed time interval or missing data
1,2,3,4 etc. - Time increment of consistent weather
data (hours)
3. IDUMMY - Dummy variable, Blank space
4. IYR - Year of weather collection, i.e., 59=1959
5. ELEV - Elevation of weather station above sea level in
thousands of feet. Used for calculation of
atmospheric pressure if actual data not available.
If 0.0, atmospheric data is supplied.
6-10 are repeated for each weather data point:
IDAY - Julian Day i.e., (1-365) of weather measurement

IHR --Hour of the day (0-23) of weather measurement

oL ~N O

IDB - Dry bulb temperature (°F)

9. IRH - Relative humidity (percent)

10. PATM - Atmospheric pressure if available (inches of Hg)
11. WIDENT - Weather data station identification maximum of
six alphameric characters, required only on first

card (A4,A2).

C. Problem Decks
CARD #1: Title card format (20A4).
This card contains 80 characters of information used for

labeling and identification of all tables, reports and output.
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CARD #2: File and indicator variables FORMAT(5A4,10I5,10X).
LOCATION - Alphanumeric array containing identification of the-
desired location of drying bin. Cross reference
against weather data should a mix up occur.
IG - Indicating variable for grain type
1 Yellow Dent Ccrn
2 Rough Rice
3 Grain Scerghum
4 Soybean Seed
5 Millet Seed
6 Chick-Pea
7 Sesame Seed
8 Groundnut in Pod
9 Wheat Seed

ITALC - Interval of calculation, used as the model time base

(HOURS).
1/0 JCL must be supplied for these file numbers.
NWTHR - Input file number containing weather data,
NWTHRANREAD I=NWTHR=0, weather data reused.
I/0 JCL must be supplied for these file numbers.
NOUTWR - Qutput file number for consistent weather data to be
written. Default=0
If NOUTWR equal 0, no data is written.
NFILLS - Number of sequential grain files to be placed in bin
(1, 2 or 3). (DEFAULT=1)

NTHICK - Desired layer thickness to be used in mathematical

model (inches). If blank, 30 layers are assumed and

thickness calculated, based on full bin.



CARD #3:

NOTE: I/0 JCL must be supplied for these file numbers.
NVALID - File number of tape drive on which validation data
will be written. JCL must be supplied when used.
(DEFAULT=0)
If NVALID=0, validation data will not be written,
NOTE: I/0 JCL must be supplied for these file numbers.
NTABLE - File number on which intermediate data is printed.
JCL must be supplied. DEFAULT=0

If NTABLE equal 0, no intermediate data written.
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INOUT - Indicating variable for control of intermediate output.

DEFAULT=0

0 - No intermediate output

1 - Top layer of each fill

2 - Data on each layer for each printing increase
IPRINC - Increment of printing (HOUR) DEFAULT=0

Intermediate output printed every IPRINC hours.

Bin management commands FORMAT (2I5,5F10.0,20X)
LDAY - Julian Date (1-365) which grain is loaded into bin.
NO DEFAULT
LHR - Clock Time (0-23) Hour that bin is loaded.
NO DEFAULT
MW - Average grain mojsture wet basis for fill (Real) (per-
cent or decimal). NO DEFAULT
TGN - Average grain temperature (°F) for the fill.
NO DEFAULT
FTGRN - Feed of grain added for the fill
NO DEFAULT
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PDG - Percent damaged grain - stain tést (Steele (67)).
DEFAULT = 30%

FM - Fine material - Thrus of 12/64 Screen (percent or decimal).
DEFAULT = 2.5%
NOTE: Card #3 is repeated for each desired sequential

grain i1l (NFILLS).

CARD #4: Fan management control commands FORMAT(15,5X,415,2F5.0,F10.0,30X).
IC - Desired control method 1 < IC < 4. DEFAULT =1

1 - Continuous aeration - high speed fan only

Timer controiled aeration, High, Low, Off

Humidistat controlled aeration, High, Low, Off

E=) w [AS)
]

#2 and 3 combined with #3 given priority

FON - Hour of the day (0-23) when the fan is turned on low

speed from being off. (Integer)

FHI - Hour of the day (D-23) when the fan is turned on high

speed from being on low. (Integer)

FLOW - Hour of the day (0-23) when the fan is turned on low

speed from being on high. {(Integer)

FOFF - Hour of the day (0-23) when the fan is turned off from

being on low speed. (Integer)

RSHFT - Relative humidity control point (decimal or percent)
above which fan operates on low speed, below which the
fan operates on high speed.

RHOFF - Relative humidity control point (decimal or percent}

above which fan is off, below which the fan operates

on low speed.



ADHEAT - Amount of added heat by the use of a supplemental
heater, (BTU/HR).

CARD #5: High speed fan curve identification and data.
General fan curve: SP=A+BQ+CQ2 FORMAT (5A4,5F10.0,10X).
FANIDH - High speed fan identification - 20 alphameric
characters.
FAN(2,1) - High speed fan curve coefficient A.
DEFAULT = O
FAN(2,2) - High speed fan curve coefficient B.
DEFAULT = 0
FAN(2,3) - High speed fan curve coefficient C.
DEFAULT = 0
FANEFF - Fan efficiency - mechanical efficiency (demical or

percent). DEFAULT = 50%

CARD #6: Low speed fan curve identification and data
FORMAT (5A4,5F10.0,10X)
FANIDL - Low speed fan identification - 20 characters.
FAN(1,1) - Low speed fan curve coefficient A.
NO DEFAULT
FAN(1,2) - Low speed fan curve coefficient B.
DEFAULT = 0
FAN(1,3) - Low speed fan curve coefficient C.
DEFAULT = 0
FANEFF - Low speed fan efficiency (demical or percent).
DEFAULT = 50%

CARD #6 is required for two speed fan management.

25
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4.3 Qutput from the Program
Qutput from the program consists of four sections.
Section 1: Weather Data and Identification.

This section includes the weather station identification and an
exact reprint in card image form of the weather data as read by
DATAIN subroutine from file NWTHR. The second portion is the
weather data printed out with the time pointer in a display form,
listing dry bulb, relative humidity and atmospheric pressure with
the Lagrangian Time Base (day*24+HR). The third and final portion
is the resulting homogeneous weather data with no missing data
points at the desired interval of calculation (ITCALC). This data
is then communicated to the time subroutine to begin the modeling
process.

Section 2: Initial model conditions as selected by the user are dis-
played in tabular form by subroutine TABLE.

This section identifies:

1. The type of grain to be stored and initial conditions

2. The fan sizes and configuration

3. The bin management procedures, when and how much grain is loaded
in the drying bin

4, The fan management procedures, which indicate the time and
amount of drying or aeration to take place as well as the
energy required for each combination.

Section 3: Intermediate Output (user controlled, subroutine QUTPUT).

Grain conditions are monitored and displayed at the desired

printing increment (IPRINC). The quantity of output is controlled

by the intermediate output variable (INOUT). Also, data tape files
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are created on file (NVALID) if an experimental validation study is
desired, this type file is then upward compatible with the
Lagrangian AOV difference table program (LAGRANGE). (For more

information see Chapter 1, M.S. Thesis, Samuel G. Maurer.)

Section 4: Final Model Results (Subroutine REPORT).

4.4

When the grain has been successfully dried (Mw < DRYM(IS) or
the grain has deteriorated below marketable levels (DMLOSS > 0.5%),
or all supplied weather data used, a final report is generated.
This final report is identified with the user supplied title of the
study (T), followed by the average, maximum and occurring layer for
grain moisture content and percent dry matter loss. Hours of fan
operation are given in a table for each combination of speed (IS)
and FILLS(IFILL). Then an accounting of the energy consumption
of the study, which includes the fan energy. Heater supplied

energy and total energy required for the experiment.

Multiple Runs

Several problem decks can be run during the same job step. Suffi-

cient time should be allowed on the Job card, and appropriate JCL for

any intermediate output.
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5. DRYING SIMULATION

As it has been reviewed above, drying system performances by natural
air are mainly affected by the following factors: 1) initial grain mois-
ture content, 2) airflow rate used, and 3) weather conditions. In this
study, all of these factors were considered as well as the variability of
yearly weather in five areas of Kansas. In the following three sections,
a 1ist of assumptions and parameters, criteria used for evaluating the

results, fan selection and the drying systems tested are discussed.

5.1 Assumptions and Parameters
In order to calculate the total airflow rate a bin 18 feet in diameter
was taken as the model. The assumptions and parameters tested were:
1. A single-fill and continuous fan operation.
2. Conditions of grain sorghum
Initial moisture contents: 21.0, 18.0 and 16.0% w.b.
% Damage (stain-test, Steele, 1969): 25%
% Fine material: 12%
Number of modeled layers: 10
3. Grain temperatures for the different districts were estimated
on the basis of weather data about the time of drying.
4. The study areas were chosen according to the importance in grain
sorghum production (see Table 1). They are: Topeka, Dodge City,
Wichita, Concordia and Goodland. Official weather data was
collected in intervals of 3 hours during 11 years (1963-1973) for
the chosen areas, but for the simulation purposes only 3 years
were selected as is shown in Table 7. The selection of these 3
years was made on the basis of the temperatures and relative

humidities from 11 years for each chosen weather station (see
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Figure 2). The chosen years were classified as: year relatively
hot and dry, year of average temperature and average relative

humidity, and year relatively cold and humid.

Table 7. Weather data stations, periods_and years examined.

Year of
Average Tempera-
Year Rela- ture and Average Year Rela-
Period tively Hot Relative tively Cold
Station Tested and Dry Humidity and Humid
Topeka Oct:. 5 %o 1963 1965 1972
Nov. 15
Dodge City Oct. 20 to 1963 1971 1972
Nov. 30
Wichita Oct. 15 to 1963 1968 1972
Nov. 25
Concordia Oct. 15 to 1963 1968 1972
Nov. 25
Goodland Oct. 20 to 1963 1966 1969
Nov. 30

5.2 Fan Selection

Fan was selected for each particular combination of grain depth and
airflow rate required. The procedure was followed according to the com-
puter program guide:

The fan static pressure equation is

FANSP(Q) = FA + FB*Q + FC*Q*Q
where
FANSP(Q) = static pressure at the fan outlet, inches of water/foot
Q 2
FA,FB,FC

airflow rate/area, cfm/ft

constants for the selected fan.
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To find FA, FB, and FC, it must follow the following procedure:
1. Select a fan of a given speed which is to be used.
2. Perform a regression analysis of the data for this fan to obtain
the constants for the equation of the form:

SP = A + BV + CV°

where
SP = static pressure, inches of water
V = airflow rate, cfm
A,B,C = constants
Since Q = V/Area of bin
SP = A + B*Q*Area + C*QZ*(Area)2
or FA =A
FB = B*Area
FC = C*(Area)2

The formula for static pressure drop for grain sorghum in the computer

program is:
GRNSP(Q) = 0.0249531Q + 0.00038980502 - 0.0020691QF
where:
GRNSP(Q) = static pressure drop, inches of water/ft.
Q = airflow rate/area, cfm/ft2
F = fine material, decimal

For a fixed airflow rate according to the statement of the program: "when
fan static pressure equals the grain pressure, then the airflow of the
system will be equal to Q for those combinations of depth, fan curve,
grain curve," FA values were taken at these conditions in order to get the
airf]owrrate required. FB, FC and fan efficiency were assumed to be zero,

zero, and 0.50 respectively.
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5.3 Criteria of Failure or Success

Dry matter loss was primarily taken as criteria of failure or success
but for the purposes of evaluation, final moisture content distribution
and drying time were also considered as the limiting factors of the failure
or success of the drying system tested. A dry matter loss greater than
0.5 percent was accepted as failure of the operating conditions.

It was estimated that a desirable final average moisture content of
less than 14% (w.b.) with extremes no greater than 154% (w.b.) and no less
than 10% (w.b.) are necessary to avoid overdrying, i.e., to have a suc-
cessful operation, drying front must reach the top and all grain must be

dried before it is spoiled.

5.4 Drying Systems Tested
Table 8 shows the combinations of system performance factors for each

year and area tested.

Table 8. Combinations of system performance factors tested.

Airflow Rates, cfm/bu
Initial Moisture Content

% w.b. ' 3 3 3/4 1 13 2 2%
| X X X X X X
18 X X X X X X
16 X X X X X

5.5 Procedures
The general procedure of the simulations consisted of:
1. To fix a combination of initial grain moisture content and
airf}qg rate and run the program for various possible grain

depths for each cheosen year and each area to be tested.
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To evaluate the computer output according to the model noted in
section 5.2, i.e., to accept as a successful drying system if

the dry matter loss was less than 0.5% and extremes of moisture
content were less than 15.5% and greater than 10% with an average
of 14%. When the drying system was not successful, then a Tower
grain depth was tested and so on. But if the drying system was
still unsuccessful, then, a higher airflow rate was tried. The

procedure was repeated until the result was successful.
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5. RESULTS FROM SIMULATIONS AND DISCUSSION

The simulation results were evaluated according to the designed model
discussed in section 5.3. Drying time was determined when the conditions
of grain moisture content were satisfactory to the model. An example of
this determination is shown in Figure 3.

In addition, the effects of airflow rate, initial moisture content,
yearly weather conditions, and location on the grain drying performance
were observed and discussed under the consideration of the general and
specific objectives of this study.

The results summarized in Tables 9, 10, and 11, are the successful
tested drying systems for three years of weather data of the five weather
stations studied. Table 9 shows the successful results for 21% w.b.
initial grain moisture content; in this table, it can be seen that for the
same grain depth and airflow rate, it needs less time for a year relatively
hot and dry than for a year of average temperature and average relative
humidity (year not hot and not very humid). But, for a year relatively
cold and humid, it needs higher airflow rate and lower grain depth to get
a successful result. Table 10 shows the results for 18% w.b. initial
grain moisture content, and Table 11 shows the results for 16% w.b.
initial grain moisture content. Both tables show the same situation, i.e.
it needs more time for a year not hot and not very humid than for a year
relatively hot and dry and, again it needs higher airflow rate, lower
grain depth and almost the same drying time for a year relatively cold and
humid.

The required energy for the fan in Tables 9, 10, and 11, also show
that the largest energy consumption is reguired in a year relatively cold

and humid because, it needs a higher airflow rate and almost the same time
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Table 9. Successful grain sorghum drying systems by natural air for five
areas of Kansas. Three years of weather data.

Criteria: Initial grain moisture content 21% w.b. DML < 0.5%
Final average moisture content 14% w.b.
Final maximum moisture content 15.5% w.b.
Year Rela- Year Not Year Rela-
tively Hot Hot and Not tively Cold
Location and Dry Very Humid and Humid
Topeka Area .
Starting date: Oct. 5 1963 1965 1972
Airflow rate, cfm/bu 1 1 1
Grain depth, ft 20.8 20.8 16.7
Fan time, hrs 441 645 942
Ave. M.C., % w.b. 12.74 12.68 13.98
Energy used, KwH 4,826 7,059 5,122
Dodge City Area
Starting date: Oct. 20 1963 1971 1972
Airflow rate, cfm/bu 1 1 14
Grain depth, ft 16.7 16.7 167
Fan time, hrs 747 - 1,005 645
Ave. M.C., % w.b. 13.53 13.80 13.66
Energy used, KwH 4,061 5,464 8,572
Wichita Area
Starting date, Oct. 15 1963 1968 1972
Airflow rate, cfm/bu 1 1 14
Grain depth, ft 16.7 18, 7 167
Fan time, hrs 807 .02 723
Ave. M.C., % w.b. 13.07 13.71 13.88
Energy used, KwH 4,388 5,595 9,609
Concordia Area
Starting date: Oct. 15 1963 1968 1972
Airflow rate, cfm/bu 1 1 2
Grain depth, ft 16.7 16.7 15.0
Fan time, hrs 804 - 1,029 597
Ave. M.C., % w.b. 13.32 13,85 13.96
Energy used, KwH 4,371 5,595 10,796
Goodland Area
Starting date: Oct. 20 1963 13966 1969
Airflow rate, cfm/bu ] ] 13
Grain depth, ft 16.7 16.7 15.0
Fan time, hrs 819 918 i
Ave. M.C., % w.b, 13.47 18.53 13.47
Energy used, KwH 4,453 4,991 7 301
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Table 10. Successful grain sorghum drying systems by natural air for five
areas of Kansas and estimated fan times and final average
grain moisture contents. Three years of weather data.

Criteria: Initial grain moisture content 18% w.b. DML < 0.5%

Final average moisture content 14% w.b.

Final maximum moisture content 15.5% w.b.
Year Rela- Year Not Year Rela-
tively Hot Hot and Not tively Cold

Location and Dry Very Humid and Humid

Topeka Area

Starting date, Oct. 5 1963 1965 1972

Airflow rate, cfm/bu 3 3/4 3/4

Grain depth, ft 17.58 1843 18.3

Fan time, hrs 153 651 822

Ave. M.C., % w.b. 13.50 13.47 13.93

Energy used, KwH 1,081 2,523 3,186

Dodge City Area

Starting date, Oct. 20 1963 1971 1972

Airflow rate, cfm/bu 3/4 3/4 1

Grain depth, ft 18.3 18.3 18.3

Fan time, hrs 645 771 600

Ave. M.C., % w.b. 13.22 13.62 13.84

Energy used, KwH 2,500 2,988 4,366

Wichita

Starting date, Oct. 15 1963 1968 1972

Airflow rate, cfm/bu 3/4 3/4 1

Grain depth, ft 18.3 18.3 18:3

Fan time, hrs 663 669 1,020

Ave. M.C., % w.b. 13.74 14.02 14.00

Energy used, KwH 2,569 2,593 7,422

Concordia Area

Starting date, Oct. 15 1963 1968 1972

Airflow rate, cfm/bu 3/4 3/4 13

Grain depth, ft 18.3 18.3 16.7

Fan time, hrs 666 1,029 642

Ave. M.C., % w.b. 13.57 13.72 13.66

Energy used, KwH 2,581 3,988 8,532

Goodland Area

Starting date, Oct. 20 1963 1966 1969

Airflow rate, cfm/bu 3/4 3/4 1

Grain depth, ft 18.3 18.3 16.7

Fan time, hrs 666 726 702

Ave. M.C., % w.b. 13.25 13.52 13.82

Energy used, XwH 2,581 2,813 3,817
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Table 11. Successful grain sorghum drying systems by natural air for two
areas of Kansas and estimated fan times and final average of

grain moisture contents.

Three years of weather data.

Criteria: Initial grain moisture content 16% w.b. DML < 0.5%
Final average moisture content 14% w.b.
Final maximum moisture content 15.5% w.b.
Year Rela- YearrNot Year Rela-
tively Hot Hot and Not tively Cold
Location and Dry Very Humid and Humid
Wichita Area
Starting date: Oct. 15 1963 1968 1972
Airflow rate, cfm/bu 3 1 3/4
Grain depth, ft 20.8 22.5 20.8
Fan time, hrs 567 663 747
Ave. M.C., % w.b. 13.96 13.60Q 13.95
Energy used, KwH 15393 2,065 4,339
Concordia Area
Starting date: Oct. 15 1963 1968 1972
Airflow rate, cfm/bu ! 3 1
Grain depth, ft 20.8 22:.5 18.3
Fan time, hrs 576 645 621
Ave. M.C., % w.b. 13.90 13.59 14.00
Energy used, KwH 1,415 2,009 4,519

required when the year is hot and dry.

It can be also observed in these

tables, that the highest airflow rate and the largest energy consumption

were required for the Concordia Area.

The obtained results can be compared roughly to the results already

shown in Table 6. From this comparison it can be said that there are

reasonable differences in time and energy used. For example, comparing

data for Wichita Area, 1972--Table 9 to the data of bin #1--Table 6, the

differences in airflow rate and time are reasonable considering that

these tables differ in the kind of grain, amount of grain and weather data.

In general it is observed that less energy and time requirements are

needed for the area of Kansas than for the area of Des Moines, Iowa.
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The Effect of Weather Conditions

Figures 4, 5 and 6, illustrate the differences in grain deteriora-
tion (expressed as percentage of dry matter loss) which can occur in the
drying process as due to weather conditions in different years previously
chosen: relatively hot and not humid (1963); relatively not hot and not
very humid (1968); and relatively cold and humid (1972). The results
showed that there is a higher dry matter loss in a relatively hot year
(1963), which is explained by the temperature dependence of the combustion
process of a typical carbohydrate, hexose with the reaction represented by

the following equation:

CeHy 0 + 602 — 6C0, + 6H20 + 677.2 kg cal

61276 2

As it is shown in these figures, dry matter l1osses were considerably
less for years 1968 and 1972. Thus, the dry matter loss in a relatively
hot and dry year (1963) was as large as two-fold more than the dry matter
loss in an average year (1968) and more than two-fold in a cold and humid

year (1972). These results show that year-to-year weather conditions may

be responsible for the differences in dry matter loss.

Effect of Airflow Rate

Figures 4, 5 and 6 also show the effct of airflow rate on dry matter
loss for 3 different weather conditions in Wichita, Kansas. The highest
dry matter loss was shown for the lowest airflow rate used. For the year
in which the air temperature was generally low (1972), the dry matter loss
was not significantly affected by the airf]ow rates applied. Figures 7, 8
and 9 show the effect of airflow rate on the final maximum grain moisture
content. These figures show that to obtain a desirable moisture content

at the top layer, less time is required when a higher airflow rate is
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used, although these differences can vary considerably for different
weather conditions as is observed in Figure 9. In general, from Figures
7, 8 and 9, it is shown that the longer the drying time, the larger the
differences in the final grain moisture content for the different airflow
rates.

Figure 10 shows the effect of airflow rate on the final dry matter
loss distribution along a given grain depth. The results show that the
larger dry matter Tosses can occur at the top layer with the losses being
even greater at lower airflow rates. Finally in Figure 11, the effect of
airflow rate on the final moisture content distribution is shown. As can
be observed for the depth studies, better moisture content distribution is
shown for higher airflow rates, although this is not always true because
this distribution depends highly on the grain depth and initial moisture

content.

Effect of Initial Moisture Content

The effect of initial moisture content on dry matter Toss along a
given depth is shown in Figure 10. It can be observed that a larger dry
matter loss occurs in drying of grain with a higher initial moisture
content. The gradient in dry matter loss between the top and the bottom
of the bin was also higher in grain with a higher initial moisture content
and with the highest dry matter losses at the upper layers of the grain
depth.

The other important effect of initial moisture content on the drying
performance was its effect on the final moisture content distribution. In
Figure 11, it can be observed that a better distribution occurs in the

drying of grain with the Towest initial moisture content.
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Higher moisture content was always at the upper Tayers and the lowest
was near or at the bottom depending on air conditions which can rewet the

grain if it was not within the drying requirement.

Recommended Grain Sorghum Drying Systems by Natural Air

From the simulation results shown in Tables 9, 10 and 11, it was pos-
sible to construct Table 12 for recommending grain sorghum drying systems
by natural air for the different areas of Kansas. Table 12 also shows a
comparison between USDA recommendations and KSUDRYER recommendations. In
this table, when weather data of a relatively cold and humid year was used;
USDA recommendations of airflow rate and grain depth were a 1ittle closer
to the KSUDRYER recommendations, but when weather data of a hot and dry
year or an average year was used, then the differences were larger and
USDA recommendations look like very conservative drying systems.

Another important observation is that, when weather data of a rela-
tively hot and dry year was used, the resulting values of the recommended
drying systems were the same for all of the Kansas districts.

Thus, in general this table shows Tlower airflow rates and higher

grain depths than the recommended USDA values under the Kansas weather.
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7. SUMMARY AND CONCLUSIONS

A series of drying systems were simulated to evaluate the drying

performance in grain sorghum drying by natural air.

The effects of yearly

weather conditions, airflow rate and initial moisture content on the dry-

ing performance were analyzed.

ing factor to get a desirable final moisture content distribution.

Also, grain depth was examined as a limit-

Drying

simulations were made for three years and for five different weather

stations: Topeka: 1963, 1965 and 1972, Dodge City: 1963, 1971 and 1972,

Wichita: 1963, 1968 and 1972, Concordia: 1963, 1968 and 1972, and Good-

land: 1963, 1966 and 1969. Tests were run for three initial moisture

contents and various airflow rates and grain depths.

Based on an analysis of results obtained from the digital computer

simulations the following conclusions were formulated for natural air

drying systems in Kansas:

1s

It is feasible to dry grain sorghum by natural air under Kansas
weather conditions using the following drying systems: when a
hot-dry year is expected, in all of the Districts of Kansas:
for 21, 18 and 16% (w.b.) initial moisture contents, airflow
rates of 1, 3/4 and % cfm/bu can be used with maximum grain
depths of 16, 18 and 22 feet, respectively. But, when a cold-
humid year is expected, two regions must be considered: (a) the
West Central, Northwest, North Central and Northeast Districts:
for 21, 18 and 16% (w.b.) initial moisture contents, airflow
rates of 2, 14 and 1 cfm/bu can be used with maximum grain
depths of 15, 16 and 18 feet, respectively; and (b) the South-
west, South Central, Southeast, Central and East Central

Districts: for 21, 18 and 16% (w.b.) initial moisture contents,
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airflow rates of 14, 1 and 3/4 cfm/bu can be used with maximum
grain depths of 16, 18 and 20 feet, respectively.

The amount of grain detericration (expressed as dry matter loss)
during the drying process showed to be a function of the drying
air temperature, airflow rate, initial grain moisture content
and length of the drying period. Generally, the higher the dry-
ing air temperature, initial moisture content, and longer length
of the drying periocd and Tower airflow rate, the higher the grain
deterioration. Also, deterioration was to be higher at the
upper layers.

Gradient of final grain moisture content between the top and the
bottom can be decreased by decreasing the initial moisture
content and bed depth.

Changes in yearly weather conditions can drastically change the

results of the drying operation.
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B.1. Input

/¢ EXEC FURTGG, P=SCRGMORY
//STEPLIB CD ASN=DSKNT.LCADLIS,CISP=sSEY
f/CCLFTCIFQ0L CO JONAME=SYSINL
f/75YSINL GC =

218 2 CEZ1.32 23A 3 &6C580.3 238 4 5S47C.3J 288 § £36l0.0 43IN~C3 728
25812 T79500.3 234815 324340.3 23819 acaZc.g ¢5B21 755C3.C
299 C A&75Ca0 289 3 6(C504.3 236 & 3993C.Q 285 9 51870.2
28612 a573C.0 28915 T163C,.Q 28513 4578C.C 28921 4§T7840.3
290 C &£55GC.0 2930 3 64437C.0C 290 4 &15C832.4 Z5C 5 £S5840.0C
29012 £97CC.Q 290Ll5 T4é2C.0 294913 TCTIC.G 29021 47T30.C
291 J 44730.0 291 3 51784.C 291 & &3&7C.3 3L 3 66630.0
29112 7£80C.¢C 29115 33440.2 29118 7459C.0 29121 4870Q0.3
292 C 6773040 292 3 4381C.2 292 & 62840.0 292 § 587CC.0
29212 174CC.0 29215 7846QC.0 292138 T468C.Q 29221 7264Q.0
293 C 4817&C.0 293 3 6487C.C 293 4 £387C.Q 297 § §253Q0.0
29312 £4572.0 29315 67500.2 29313 465CC.0 £922L £69240.C
294 0 &eSCC,.0 294 3 64684Q0.,0 294 & 458440.0 254 3 57910.32
294l2 727190.0 29418 T&T7T10.3 29418 727€0.8 25421 &784C.3
255 Q E&SCL.0 295 3 63570.Q 295 4 62930.2 295 9 £89C0.3
29%12 7€740.2 23515 7549C.C 29513 T474C.C 29521 &73T7C.3
296 S S85870.C 298 3 6444C.0 296 & £2840.0 %6 9 67730.4
29612 Te860.0 29615 TESHZC.U 29418 T4&4C.0 29621 4%760.3
287 C 443100 29T 3 53%00,.0 297 & 4293(.0 297 S 45930.3
29712 T17&C.0 29715 Taric.e 29718 7C7&C.C 25721 5390Q.8
258 O 545C0.3 298 3 62930.0 298 & 5956C.3 298 9 £3%70.0
29812 1€31c.0 29318 T6690.0 29813 73844.0 29821 57530.0
289 3 43570.3 299 3 $19404.32 299 & 80%240.4 295 9 £5600.0
29912 TE&&éC.0 29915 755&0.2 29918 72%80.3 29921 66813.30
304 3 4£387Q.3 340 3 al93C.9 300 & 40%3C.2 ICC 7 5TTT7C.3
30C1L2 50726.3 30015 56833.3 30013 5474G.8 32021 5088C.C
101 J 517ic.4 331 3 &783C.C 301 & «285C.0 201 9 5L710.C
0112 62480.0 30115 62440.3 30118 51548¢€.C 30121 43820.C
302 ¢ 3588C.7 302 3 31s79C.8 302 & aQTCC.J . 202 & 4£530.C
30212 5535C.0 30215 5923C.3 30218 5€35C.0 33221 54329.4Q
107 ¢ 5233c.a 303 3 5C52C.3 303 4 453580.0 103 9 57510Q.3
30212 5d54C,0 3031LE T4530.9 30318 #5640.0 30221 4770G.0
1046 J £2752.0 304 3 A6CE70.3 N4 & 5456C.0 2046 9 S384C.0
30412 57%8€.1 3J415 $é510.3 30418 53540.0 30421 5Q044Q.0
3¢5 ¢ 45530.Q 305 3 21£729.4 3135 & 3282C.C 135 § 43600.0
J0%12 5%344.0 i0S1sS 5834C.0 30513 5052C.C 23521 445620.0
308 C 4247C.0 306 3 377SC.G 338 & 3578C.C 30& 5 43730.0
30&12 58%51C.J 30615 52360.0 30618 5541C.0 33821 S1480.0
197 4 $G41G.2 39T 3 SLisC.¢ 307 & %235C.0 307 9 54¢41C.0
30712 59510.4Q 33?19 S68Q0.0 30718 STE3C.G 30721 5293C.3
309 C 45560.0 308 3 5185G.0 3038 & 519300 303 9 5296C.0
3CEl2 5é38C.0 30815 52720.4 30418 55823C.3 10821 »6388C.0C
3€% ¢ 43293C.0 309 3 4G6560.0 309 6 39930.J 309 3 48830.3
30612 63520.¢C 30915 7C260.0 30918 596CC.0 10521 S664Q.43
3110 C 49%6C,.0 110 3 4379¢C.0 310 & %J820.0 212 9 5G&aC.d
1312 £445C.C 31315 s88330.0 31318 &C44C.38 215021 5357Q.3
311 C 45410.0 311 3 SCall.2 311 § 42e5C.0C 311 9 56530.8
31112 7035C.Q 31L1LS T434G.3 31118 67420.3 JLi2l 52480.30
112 2 6C4a9G.d 312 3 57%3¢C.C 312 & SASTC.3 312 § SR&CC.D
11212 6796C.C 31215 565%50.3 31218 6467C.0 31231 5783C.0
IL3 3 5Es3f.a 313 3 5¢831¢.2 313 & 4993C.2 3113 § 5296GC.0
31312 &471450.40 311315 TC4id.Q 31319 62560.0 31121 %18QC.C
314 2 47960.0 314 3 4TE33.3 314 6 44933.0 314 9 52773.3
11412 £4780.4 Jlals 703440.9 JL4Ld 5439Ca.C 31421 47780.3
/%

J750L.FTI3FG0L D0 SYS0UT=a,0CR=(RECFMaUA,8LKSI2E=123)

J/G0.SYSIN 0D = x

SORGMDAY FANMAMAGEMENT LSING USCA TEST L-A FCR -SVALUATION OF FANMANAGEMENT H
AlCHETAy KANSAS 3 3 2 vl 1 s c L 3 3
288 3 2l.3 49.3 187 25.3 122

H
m{GH SPEEC AERATICN 0,.591s
Al

-3 . 0.54
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APPENDIX C

Metric Conversions



Table C.1. SI (metric) conversions

92

To Convert From

To

Multiply By

Bushels

Cubic feet

Cubic feet/minute

Cubic feet/minute bushel
Cubic feet/minute sq. foot
Fahrenheit degrees

Feet

Hours

Inches

Inches of water

Inches of water/foot

Sq. feet

Sq. inches

cubic meters

cubic meters

cubic meters/second
cubic meters/second m3
cubic meters/second m2

celsius degrees

meters

seconds

meters

newtons/m2 or pascals

newtons/mzm or pascals/m

sq. meters

5q.

centimeters

0.028317
0.000472
0.006013395
0.0050807
(F-32)/1.8
0.3048
3,600
0.0254
248.84
816.40
(.0929
6.4510
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ABSTRACT

A computer program was used to predict the drying performance of
grain sorghum by natural air in five different areas in the State of
Kansas. Performance evaluations included grain deterioration (dry-
matter-loss), final moisture content distribution and fan operation time.
Effects of changes in yearly weather conditions on this drying method was
also analyzed. Drying simulations were made for three years for the fol-
lowing weather stations: Topeka: 1963, 1965 and 1972, Dodge City: 1963,
1971 and 1972, Wichita: 1963, 1968 and 1972, Concordia: 1963, 1968 and
1972, and Goodland: 1963, 1966 and 1969. Tests were run for three initial
grain moisture contents: 21%, 18% and 16% (w.b.) and various airflow rates
and grain depths until the drying system was successful. The following
conclusions were made based on the results that were obtained:

1. Drying systems that can work successfully: When a hot-dry year

is expected, in all of the Districts of Kansas: For 21, 18 and
16% {w.b.) initial moisture contents, airflow rates of 1, 3/4
and % cfm/bu can be used with maximum grain depths of 16, 18 and
22 feet, respectively. But, when a cold-wet year is expected,
two regions must be considered: (a) the West Central, Northwest,
North Central and Northeast Districts: for 21, 18 and 16% (w.b.)
initial moisture contents, airflow rates of 2, 14 and 1 cfm/bu
can be used with maximum grain depths of 15, 16 and 18 feet,
respectively, and (b) the Southwest, South Central, Southeast,
Central and East Central Districts: for 21, 18 and 16% (w.b.)
initial moisture contents, airflow rates of 14, 1 and 3/4

cfm/bu can be used with maximum grain depths of 16, 18 and 20

feet, respectively.



The amount of grain deterioration (dry matter loss) was higher
for: higher drying air temperatures and initial moisture con-
tents, lower airflow rates applied and longer drying periods.
Changes in yearly weather conditions can drastically change the

results of the drying operation.





