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Static Pressure Drop as Affected by Moisture and Fine
Material in Wheat*
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1. INTRODUCTION

In nearly every instance there is a certain amount
of fine materials in the mixed grain when it is dried.
Because the fine material has a higher resistance
to airflow than a mass of whole kernels, concentra-
tion of fine materials can cause a wide variation

in resistance to airflow and inadequate drying wi-

thin a grain bed. In a drying bin, the result is inade-
quate drying of the core of fine materials or overdr-
ying the remainder of the batch. But, there is not
enough information relating the effects of fine ma-
terials and moisture content on pressure drop for
several airflow rates in a wheat bed. So it is impor-
tant to know the characteristics of airflow within

wheat bed for several percentage of fine materials

* This study was conducted under Dr. Do-Sup Chung’s, Department of Agricultural Engineering, Manhattan, Kansas,
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and moisture content in order to provide useful
information for the aeration and drying process.

There are many factors that influence on static
pressure drop in a grain bed during aeration. A
lot of study has been conducted on the relationship
of pressure drop and its factors. Brooker(1974) re-
ported that the pressure drop for airflow through
some grains depends on the rate of airflow, the
surface and shape characteristics of the product,
the number, size and configuration of the voids,
the variability of the particle size, and the depth
of product bed. Shedd(1953) found that for the
same method of bin filling, corn with 20% moisture
content has less resistance to a given airflow rate
than the same corn dried to lower moisture content.
He also reported that if foreign particles are smaller
than the grain, resistance to airflow is increased;
if foreign particles are larger than the grain, resista-
nce to airflow is reduced.

Haque et al. (1978) conducted experiments with
a loosely filled column of corn mixed with uniformly
distributed fine materials, and showed that the pre-
ssure drop increased linearly with increase in fine
materials up to about 20 percent. Since 1948, data
on the airflow-static pressure relationship of a num-
ber of biological products have been published in
graphical form in the American Society of Agricul-
tural Engineers’ Year Book. These curves, now
known as “Shedd’s curves” are widely used, and
were adopted in 1948 as ASAE Technical Data D272
(American Society of Agricultural Engineers’s Year
Book, 1980). Many studies have involved the deve-
lopment of similar experimental curves for various
products. Stirniman et al. (1931) worked with rough
rice; Henderson (1943) with ear corn; Henderson
(1944) with oats and soybeans; Shedd (1945) with
ear corn, Shedd(1951) with soybeans, corn, oats,
rough rice, red cloves, and alsike clover, Day(1963)
with crushed and noncrushed dry hay; Husain and
0jaha(1969) with rough rice; Calderwood(1973)
with rough and milled rice; and Agrawal et al. (1974)
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with rough rice. The use of these experimental cur-
ves has a definite advantage in convenience, but
the accuracy of the pressure drop prediction may
be poor, because of insufficient consideration of the
effects of ‘variations in some important factors, such
as moisture content and amount of fine mate-

rials.

The objectives of this study were:

1. To examine the effects of moisture content
and fines on static pressure drop in wheat bed.

2. To develop a mathematical model that will
predict the effects of moisture content and fine ma-

terials on static pressure drop in wheat bed.
2. Experimental Design

The controlled variables are moisture content
and amount of fine materials, and the response va-
riable is static pressure drop. Red hard winter wheat
was used in this experiment. Three levels of mois-
ture content (15, 13 and 11% w.b.) and four levels
of fine materials (0, 2, 4, 8%) were investigated.
The percentages of the fine materials are determi-
ned based on the weight of tested wheat including
fine materials. In this experiment, fine materials
can be fines, broken wheat kernels and some foreign
materials. Each level of moisture content was tested
with four levels of fine materials for seven different
airflow rates. Three replications were made at each
treatment combination. A total of 36 different beds
were prepared and tested for seven airflow rates.
Table 1 shows the experimental variables and their

levels.

Table 1. Experimental variables and their levels

Variables Levels No. of levels
Airflow from 0.051 to 7
rates 0.203m*/m> sec

Moisture 11, 13, 15% w.b. 3
content

Fine 0,24,8% 4
materials
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3. Materials and Procedures

The experimental set-up consisted of fan, airflow
controller, pipe, 1 inch ASME nozzle, air chamber,
test bed and micromanometer. Figure 1 shows a
schematic diagram for the experimental set-up. The
test column was made of transparent plastic, and
its height, diameter, thickness and total volume are
respectively 77.5 cm, 15.2 cm, 0.64 cm and  11790¢ni
The floor of the test bed was constructed of sheet
metal with 1.6 mm diameter holes, totaling 22%
of the entire floor area. 5 mm diameter and 38 mm
long copper tube pressure taps welded to the test
column wall at 30.5 cm intervals, beginning approxi-
mately 2.0 cm above the test bed floor, by first dril-
ling 6 mm diameter holes on the wall. The taps prot-
ruded inside the column to make sure that air be-
came static at the tap. the plenum chamber consis-
ted of a 914 X 914 X 30.5 cm rectangular box
made of 2.75 mm mild steel sheet. Measurement
of airflow to the test bed was made using a 25.4 mm
throat diameter ASME nozzle and a micromanome-
ter capable of measuring up to 254 mm of water
with a smallest reading of 0.0254 mm. A 25.4 mm
of water pressure differential across the nozzle cor-
responded to approximately 0.57m®/min. airflow
rate. The flow nozzle was placed between the blower
and the plenum chamber with a 50 mm diameter
plastic pipe. The air was supplied by a fan equipped
with 0.37KW variable speed motor, and amount of

air was controlled with a dial type air controller.

Micro
Manometer

Environmental Chamber

¥

Test Colum

1” ASME Nozzle! Fan & Motor

] I

Plenum

- E=1

]
Chamber Plastic Pipe

Fig. 1. Schematic diagram for experimental set-up
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Before the experiment was begun, the wheat was
cleaned with using cleaner. All fine materials and
broken kernels were collected for later use. Fine
materials were defined as broken grain and other
matter that passed through a 1.625 X 9.525mm slot-
ted perforations sieve. At each test, wheat was con-
ditioned by natural air drying to meet the required
moisture content. After conditioning it to the requi-
red moisture content, clean wheat and fine mate-
rials was mixed as uniformly as possible to obtain
a uniform distribution of fine materials in grain bed.
The test bed was filled by a loose filling mathed
as described by Shedd(1953). The wheat was loaded
to the test bed through the funnel, the outlet of
which was held just above the grain surface making

sure to raise the funnel gradually as the filling prog-

ressed. The test bed was filled approximately 67cm
in each test.

After the test bed was prepared, the fan was tur-
ned on, and airflow was controlled with dial type
controller and was checked with micromanometer
in flow nozzle. After setting the dial to the required
pressure differential corresponding to airflow in the
flow nozzie, the pressure drop across the wheat
bed was read by the same micromanometer after
properiy closing the ASME nozzle taps. These pro-
cedures were repeated for all of the 36 beds, 252
times pressure reading were taken between top and

bottom taps.

4. Results and Discussions

Static pressure drop data, average of three repli-
cations, collected from test are tabulated in Table
2. A small variation in moisture content took place
during the test run and handling. The variation in
moisture content is so small that, for practical pur-
poses, the three tests are considered as three repli-
cations. The average static pressure drop data for
three replications at three levels of moisture content

on each percentage of fine materials were averaged
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and presented on graphs(Fig. 2 through 3). For co-

mparisons, Shedd’s curve(1953) were also plotted
(Fig. 2).

Table 2. Average static pressure data at different fine levels in wheat beds (average of three replications)

Moisture Airflow rate Fine materials (%)
(%, wb.) (m%/m?. sec) 0 2 4 8
0.051 183 229 334 534
0.076 294 371 531 810
0.102 420 535 786 1121
11 0.127 575 710 1036 1463
0.152 730 908 1316 1790
0.178 910 1136 1620 2160
0.203 1090 1399 1918 2518
0.051 162 215 310 447
0.076 264 351 493 660
0.102 379 499 715 926
13 0.127 407 663 941 1234
0.152 636 838 1171 1543
0.178 802 1050 1440 1836
0.203 968 1253 1724 2151
0.051 160 201 289 371
0.076 246 321 453 581
0.102 352 470 641 793
15 0.127 486 620 870 1073
0.152 604 781 1050 1306
0.178 758 989 1303 1609
0.203 904 1194 1621 1927

1) Effects of Moisture Content

Fig. 2. shows that all the curves run almost paral-
lel to Shedd’s curve for wheat 11% moisture con-
tent. The experimental curves for all moisture con-
tent are to the left of Shedd’s curve which means
that high moisture content wheat displays less resi-
stance than dry wheat. A conclusion is drawn from
above results that the static pressure drop increases
with a decrease in moisture content. This pattern

followed consistently over the range of moisture

contents tested. At 11% moisture content clean
wheat bed, the experimental data and Shedd'’s curve
are not exactly same. This differences may come
from many factors. According to Brooker et al.
(1974), several factors are involved in determining
static pressure drop such that surface texture, void
space, variability of particle size, and depth of pro-
duct bed. Abdelmohsin(1982) found some diffe-
rence between his experiment results and Shedds
data, and he attributed those variations to particle

size.
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Fig. 2. Resistance of wheat to airflow at different
moisture

2) Effects of Fine Materials

The effect of fine materials at each level of mois-
ture content is shown in Fig. 3. All the curves run
almost parallel to each other, with the curve of the
lowest percentage of fines appearing to the left of
the others. This pattern appears in all levels of fines
tested. A conclusion can be drawn from the above
result that static pressure drop increases with the
increase of fine material. In Table 2, the maximum
static pressure drop, 2518pa per meter, occured at

11% moisture content and 8% fine materials at
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an airflow rate of 0.203m*m? * sec; the minimum
static pressure drop, 160pa per m, occured at 15%
moisture content and 0% fine materials at an airflow
rate of 0.051m%m?® sec. The greatest difference in
static pressure drops at the same moisture content
and same airflow rate was observed at 11% mois-
ture content and 0.051m*/m® sec, between 0 and
8% fines, the static pressure drops were respecti-
vely 183,540 pa per m, giving an increment of 195% ;
and the smallest increment was 18% at 15% mois-
ture content, 0.203m%*m? - sec, between 4 and 8%
fines, 0.051m*/m?® * sec between 11% and 15% moi-

sture content, and its increment was 45 % ; the smal-

" lest was observed between 13% and 15% moisture

content, 0% fines and 0.051m?%'m? - sec, and its inc-

rement was 1.2%.
3) Mode! Development

To analyze the data statistically, this experimental
design was regarded as split plot and factorial de-
sign. The appropriate model for the analysis of va-

riance is this:
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Fig. 3. Resistance of wheat to airflow at different
fines
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P=u+(MO)i+ (FM);+ (AF)+ (MOXFM); +
(MOXAF)u+ (FMXAF)j + (MOXFM X AF)y,

where,

P=measured value (static pressure drop)

(MO)i=effect of i treatment of moisture
content

(FM);=effect of j treatment of moisture

content

(AF) =effect of k treatment of airflow rate

Table 3. ANOVA table for static pressure drop

All other terms are interactions of the main

effects

With the data SAS package program was run for
the analysis of variance of each effect and regression
modeling. The results of the analysis of variance
show that all main factors and their interactions
significantly affect the static pressure, with the air-
flow rate being the most significant effect followed
by fine material and moisture content. ANOVA table

is shown in Table 3.

SOURCE DF SS FVALUE PR(F DECISION
MOISTURE 2 1616030 1579 0.0001 REJECT
FINES 3 19707951 12842 0.0001 REJECT
AIRFLOW 6 45539913 14838 0.0001 REJECT
MO*F1 6 604288 196 0.0001 REJECT
MO*AF 12 342344 55 0.0001 REJECT
FI*AF 18 3571173 387 0.0001 REJECT
MO*FI*AF 36 72802 3 0.0001 REJECT

* This decision is based on the null hypothesis that the group means for each effect are equal.

In order to select a model that will predict the
effect of moisture contents and fine materials, the
standard stepwise procedure was used to arrive
at the following nonlinear regression model.

P=AV+BV*+C(MO)V+DFM)V
where,

P=Pressure drop per meter depth of grain,

Pa/m

V=Airflow rate, m*/m> sec

MO=Moisture content % (w.b)

FM=Fine materials, %

AB,C.D=Constants

The values of constants estimated are:

A= 7530.85
B=13736.95
C=-—39117
D= 74452

This model fitted very well with the data. The

coefficient of determination (R?) was above 0.995
for this model. Abdelmoshin (1983) reported that
this type of regression model adequately explained
the effect of airflow rate, moisture content, and fine
material on static pressure drop, where his test ma-
terial was grain sorghum.

The computer output compares the observed and
predicted values, and shows a good agreement bet-
ween them. Table 4 shows a comparison between
randomly selected experimental values and values

obtained using equation.

5. CONCLUSTIONS

Within the range of moisture contents and fine
materials investigated, the following conclusions
were drawn from this study.

1. Static pressure drop in wheat increased with
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Table 4. Comparison of static pressure drops between experimental and model values

Moisture Fines Airflow rate Pressure drop Percent
(wb., %) (%) (m®/m? sec) Exp. Model deviation
11 0 0.051 182 191 4.7
11 4 0.076 531 537 1.1
13 8 0.203 2231 2235 0.1
15 2 0.178 954 964 1.0
13 8 0.127 1233 1265 25
15 2 0.152 781 769 14
13 2 0.102 373 374 0.0

the decrease in moisture content. The increment
ranges from 1.2% to 45% depending on airflow
rate and moisture ranges tested.

2. Static pressure drops in wheat increase in pro-
portion to the percentage of fine materials. The inc-
rement ranges from 18% to 195% depending on
the range of fine materials investigated.

3. The statistical model

P=AV+BV*+C(MO)V+DFM)V
adequately describes the relationship among static
pressure drop, airflow rate, moisture content, and
fine materials.

4. The results of this study are expected to help
designers of aeration systems, and to give a better
understanding and an accurate description of the
static pressure behavior as affected by moisture

content and fine materials.
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