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INTRODUCTION

On modern grain farms, a significant quantity of grain is being
stored on the farm before marketing. Aeration has become one of the most
widely practiced and effective means of maintaining quality of stored
grain. Relatively small amounts of air are forced through the grain in

storage to maintain a uniform temperature at as low a level as is practical.

Aeration is mainly used to cool the grain slowly and to prevent
moisture migration by maintaining a uniform temperature throughout the
grain mass; however, aeration is used in some parts of the United States
to permit storage of 16%Z to 18% moisture grain from the time it is
harvested until the following early spring (Foster, 1967). Even more
widespread is the use of aeration for holding wet grain for shorter

periods of time, until it can be dried.

Grain drying is an energy intensive operation that will be
increasingly affected by high fuel costs. To design drying and storage
facilities requires a careful analysis of systems. Many factors
influence the choice of equipment,, but drying costs, performance, and
capital costs are major factors.in the decision. Because many systems and
combinations of equipment are available, a systematic procedure for com-
paring optimized drying cost is needed to help farmers select the facil-

ities best suited to their needs.

Information as to resistance of grain to airflow and effect of
moisture on static pressure drop is fundamental in the design of devices
or structures for grain drying and aeration. The most common approach
in estimating pressure drop through grain is to use experimental curves

relating airflow and pressure drop. Ahmed, et al. (1982), Shedd (1953)



whose work is still regarded as the only available information practical
enough to use, developed such curves for common seeds and grains. But

its application is limited omly to clean and dry grain.

Adequate information relating the amount of foreign material and
moisture content of grains to the airflow resistance is not available.
Therefore, it is very important to know the characteristics of airflow
within the grain bed with various percentages of foreign material and
moisture content in order to provide useful information for the aerationm

and drying processes.



REVIEW OF LITERATURE

The effect of the moisture content of the product on resistance to
airflow is not clear (Brooker, et al. 1974). There have been few studies
done to investigate the effects of broken and foreign material on static
pressure and more work is needed in this area to understand the resistance

of grain to airflow.

Stirniman, et al. (1931) conducted tests on resistance to the
passage of airflow through rough rice in a deep bin and found that the
airflow rate per unit cross-sectional area of bin decreases linearly with
the depth of rough rice when plotted on log paper at different static
pressures. The equation for a static pressure of 4.0 in. of water was

found to be:
—0-52

Y = 78.0x [1]
where

X = depth of rough rice, ft.

Y = airflow rate, ft.3min._1ft-2.

He further reported that the relation between the static pressure and
depth of rice for any bed depth could be expressed as percentage of pres-
sure under rice and percentage of depth of rice quite accurately with an

equation following the above form.

Shedd, (1951) provided a graph showing the resistance to airflow of
loosely filled rough rice at 13.4 moisture (w.b.). In additiom, it was
noted that increasing moisture from 13.4 to 20.7% reduced resistance to
airflow by 24 percent and changing the density of fill from 38.1 to
40.6 1b. per cu. ft. increased resistance to airflow by 33 percent. The

variety or grain type of rough rice used in their test was not specified.



Husain and Ojha (1969) developed a general correlation relating the
static pressure, airflow rate and depth of three Indian varieties of paddy
rice. They found that the static pressure under the paddy is a parabolic

function of rate of airflow, following the equation:

Ps = (md + ) Q°*® (2]
where

Ps = static pressure, mm. of water

Q = airflow rate, m3miu.-—1m—2

d = depth of grain, cm.

m, ¢, 0 and e = constants

Calderwood (1973) studied the relative differences in resistance to
airflow of long grain and medium grain rough rice and of brown and milled
rice compared with the rough rice from which their material was processed.
He concluded that medium grain rice offered more resistance to airflow than
did long grain rice when test conditions were compared and brown and milled
rice offered more resistance to airflow than did the rough rice from which

they were processed.

Brooker, et al. (1984) indicated that the pressure drop for airflow
through any product 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 particle size, and the depth of the product

bed.

Stephens and Foster (1976) studied the effect of the bin filling
method on the segregation and distribution of fine and broken kernels.

They concluded that nonuniform distribution of fine in grain bulk leads

to nonuniform distribution of air used for aeration and drying.



There have been many attempts made to describe the relation between

static pressure drop and airflow rate in terms of:

1. Graphical curves, which is known as Shedd's curves
2. Empirical equatioms

3. Theorical equations

Data on the airflow-static pressure relationship of a number of
biological products have been published since 1948 in graphical form in
the American Society of Agricultural Engineer's Yearbook (1980). These

curves are well known as '"Shedd's Curves."

Similar experimental curves were developed for various products:
Henderson (1943) worked with corn, Henderson (1944) with soybean and
oats; Shedd (1945) with ear corn, Shedd (1951) with soybean, corm, oats,
and rough rice; Nissing (1958) with cotton seed; Thompson and Isaacs (1967)
with corn and wheat; Patterson (1969) with corm; Muchiri (1969) with corn;
Haque, et al. (1978) with corn; Ahmed, et al. (1982) with wheat, corn and

sorghum; and Chung, et al. (1984) with grain sorghum.

The use of their experimental curves 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 due to

some important factors, such as foreign material and moisture content.

Several studies have been made to obtain equations to fit
experimental curves relating airflow and pressure drop. Henderson (1944)
used the equation:

v =k ap)€ [3]



where

V = airflow rate, cfm/ft.2

Delta P = static pressure drop per ft depth,

inches of water.

K and ¢ = constants.

Shedd (1953) also fitted his data to equation 3. He stated that a
particular set of constants, K and c, give good prediction over omnly a
narrow range of flow rates. This equation assumes a straight line
relationship between static pressure and airflow rate on a log-log plot.
Hukill and Ives (1955) proposed the following equation for Shedd's data:

aV2

AP = - [4]
loge (1 + bv)

where

a and b = constants depending on the product.

This equation can be used to express the relationship between
velocity, and pressure drop, with good accuracy throughout the range of

velocities reported, by proper selection of the constants a and b,

Haque, et al. (1978) modified equation 4 and made it applicable for

corn containing fines. The equation presented by them is of the form:

2

AP =) V+c, V' +cyV (fm) (5]
where

fm = fine material percent, expressed as decimal.

;s €, €, = constants.

This equation could be used for an airflow range 5 - 25 m3/min—t
(15 = 75 cfm/ftz). While Hukill and Ives' equation was based on a lower
range of airflow .6 - 12 m3/min-t (2 - 40 cfm/ftz), equation 5 can be

applied for a higher airflow rate.



Bern (1973) determined an equation to relate pressure drop to
airflow rate through a bed of corn. The equation is:
AP =A V2 4B Va+cC (6]
n n n
where

An, Bn’ and Cn = grain characteristics coefficient.

He stated that the accuracy of equation 6 for pressure drop

prediction is likely to be poor at the low flow rates.

Ahmed, et al. (1982) modified equation 5 to replace the fine
material with moisture content. The equation of the form:

AP AV+BV2-C(HC)V [7]

where

MC

[}

moisture content, % w.b.

A, B, C = constants depending on the product.

They reported that the equation adequately describes the relation
between the static pressure drop and airflow rate with good accuracy

throughout the range of velocities tested.

Ergun (1952) developed an equation by theoretical analysis. The

equation is:

150 (1-e)Zu v 1.75 (1 -9) p V2
AP = + [8]
‘o 3.2 3
e dg e dg

where

€ = void fraction (dimensionless decimal) on volume bases.

. 2
u = fluid viscosity, lb.sec/ft .
p = fluid density, lb/ft3.
AP

pressure drop, inches of water per ft.



o.
[

equivalent particle diameter.

acceleration due to gravity, ft/secz.

g=
L = bed depth, ft.
V = velocity, ft/sec.

Bakker-Arkema, et al. (1969) and Patterson (1971) extended Ergun's
equation to cover agricultural products such as corm, cherry pits, and
navy beans. Matthies and Peterson (1974) developed a similar equation
for different biological products. Application of these types of

theorical equations is extremely difficult.



OBJECTIVES

The objectives of this investigation were:

To determine the effect of moisture content and foreign material in

rough rice kernels on airflow resistance; and

To develop a mathematical model that will describe the effects of
moisture content and foreign material on airflow resistance through

rough rice.
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EXPERIMENTAL DESIGN

A complete randomization of the order in which we conducted the
experiment was applied. The control variables are air velocity, moisture
content, and foreign material and the response variable static pressure
drop. Variables such as void fra;tion and grain surface characteristics
are extremely difficult to measure. So we let the void space vary
naturally with the grain surface and foreign material for a particular
bin filling method which can be controlled by a farmer, because this is

the type of situation that actually occurs in grain storage.

We conducted the experiment with long rough rice harvested in 1984.
Four levels of moisture contents (moisture at harvest, moisture when dry,
and two levels in between) and four levels of foreign materials (5, 3, I,
0%) were investigated. Each level of foreign material was tested with four
levels of moisture contents for 14 different airflow rates. Three replica-
tions were made at each treatment combination. A total of 48 different
beds were prepared and tested for 14 airflow rates. The following table

shows the experimental variables and their levels.

Table 1. Levels of Experimental Design.

Variable Levels No. of Level
Airflow Range from 0.0508 to 0.3810 m/sec 14
Moisture Content 19.5, 17.4, 15.2 and 11.8 X 4

(2 w.b.)

Foriegn Materials 0, 1, 3 and 5% 4
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MATERIALS AND EQUIPMENT

Figure 1 shows a schematic diagram for the experimental set-up. The
test bin is a transparent plastic cylinder with an outside diameter of

15.24 cm. (14.22 cm inside diameter) and a height of 76.2 cm.

The cylinder is placed on a 76.8 x 76.8 x 30.5 cm. rectangular box
plenum chamber made of 1.55 mm milled steel sheet. The floor of the test
bin is made of a perforated steel sheet with 1.5 mm. diameter
holes long. Copper tube pressure taps ( 4 mm in diameter and 50 mm long)
are positioned at 30.5 cm intervals along the test column wall, beginning

approximately 2 cm above the bed floor.

Measuring of airflow to the test bin was made using a 25.4 mm throat
diameter ASME nozzle and a micromanometer capable of measuring up to 254
mm of water with a minimum reading of 0.0254 mm. Air velocity was
controlled by the motor speed controller. A psychrometer was used for
recording relative humidity. The air was supplied by a fan with a 0.52 KW
(3/4 HP) variable speed motor. We regulated the airflow with a dial type

controller.
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METHODS AND PROCEDURES

Rough rice kernels of long grain "STAR BONNET" were used. A grain
cleaner was used to clean the grain. All foreign material (rice straw
and seeds) were collected for later use. After mixing the grain with the
desired percentage of foreign material, we placed it inside the test
column. Foreign material included all material remaining on a 3.0 x 25 mm
oblong hole sieve, plus the material that will pass through a 1.5 x 25 mm

oblong hole sieve.

The test bed was filled by a loose-fill method as described by Shedd
(1953). We poured the grain into a funnel, the outlet of which was held
just below the grain surface, making sure to raise the funnel gradually

as the filling progressed.

Prior to each test, the temperature and relative humidity of the air
supply inside the envirommental chamber were controlled by an air
conditioning unit and kept fairly constant at approximately 26°C and 60%
RH. After the test bed was prepared, the fan was turned on, and a dial
was set to control the airflow. Pressure differences across the nozzle
were read from a micro-manometer for calculating the airflow rate. The
static pressure drop across the measuring section of the grain bed was
read by the same micro-manometer after the ASME nozzle taps were properly

closed. These procedures were repeated for all the 48 beds.

For airflow measurements we comstructed a plot of pressure in

pascals against velocity of the air through on ASME nozzle (Fig. 2).
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RESULTS AND DISCUSSION

The experimental data collected from tests are presented in Appendix
Tables 2 through 5 for various levels of moisture, foreign material and
airflow rates, each with three replications. Average values of static
pressures for three replicatioms are tabulated in Tables 6 through 9. A
small variation in moisture content took place during the test run and
handling. The variation in the moisture is so small that, for practical

purposes, we considered the three tests as three replicatioms.

In Tables 6 through 9 it can be seen that the maximum increase in
static pressure drop occurs with 11.8% moisture content and 0% foreign
material and the minimum increase in static pressure drop occurs with
19.5% moisture content and 5% foreign material. This pattern appears in
all 4 levels of moisture content tested. We can conclude from the above
result that static pressure decreases with the increase of moisture

content.

The average static pressure drop for three replications at four
levels of moisture content at each percentage of foreign material were
plotted against airflow rates on log-log graphs (Figures 3 through 6). For
the purpose of comparison, Shedd's data (1953) were also plotted where we

had clean grain (0% foreign material).

Figure 3 shows that all the curves run almost parallel to Shedd's
curve for rough rice at 13.4% moisture content. The experimental curves
for all moisture contents are to the left of Shedd's plot, which means
that high moisture grain displays less airflow resistance than dry grains,

We can conclude from the above results that the static pressure increases

with a decrease in moisture content. This trend persisted comsistently
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over the range of moisture tested, except in the case of 11.8% moisture
content, which should be to the right of Shedd's curve but is on the left
side. We attribute this to the particle size differential, taking into
consideration that we don't know the variety or grain type of rough rice

that Shedd used in his investigations.

The effect of foreign material at constant moisture content is shown
in Figures 7 through 10. All the curves run almost parallel to each
other, with the curve of the lowest percentage of foreign material
appearing to the right of the others. This pattern appears in all levels
of foreign material tested. We conclude from the above result that
static pressure decreases with the increasing of foreign material. This
phenomenon is completely opposite to that observed for other grains such as
wheat, corn and grain sorghum. This phenomenon is attributed to the fact
that foreign materials in rough rice are more coarse than grain kernels
while fines and broken kernels in other grains are finer than the grain

kermnels.
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To analyze our data statistically, we needed to have all the levels
of airflow rate the same for every combination of moisture content and
foreign material. Because we were unable to obtain exactly the same air
velocity, for each replication we interpolated the static pressure drops
at fixed set of air velocities. These pressure drop data, with all

treatment combinations, were averaged and tabulated in Tables 6 through 9.

The independent variables were air velocity, moisture content, and
foreign material. The dependent variable was the static pressure drop.
Analysis of variance and multiple regression analysis were performed

using a statistical computer package (SAS).

The following statistical model was used in analyzing the data:

xijk =U+Ai+Hj+Fk

+ (A*H)ij + (A*F)ik = (M*F)J.k + eijk [9]

where

Xijk = observed value (static pressure drop).

u = overall mean.

A. = average effect for the i treatment of air velocity.
1

M. = average effect for the j treatment of moisture content.
]

Fk = average effect for the k treatment of foreign material.

All other terms are interactions of the main effects.

Eijk = the random error of static pressure

In this analysis we assumed that the between bed and within bed mean

square errors are the same, hence one error term was used.
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The results of the analysis of variance in Table 10 show that all the

main factors and their interactions significantly affect the static pres-

sure, with the air velocity being the most significant effect followed by

moisture content and foreign material.

Table 10.

Treatment Combinations.

Analysis of Variance for Static Pressure Drop for All

Source of Degrees Sum of Sq. F-Value Decision
Variation of Freedom (1)
Airflow 13 61466448.065 10266.93 Reject
Moisture

Content 3 1077217.237 799.70 "
Foreign

Material 3 943470.052 682.89 "

AF * MC 39 518075.200 28.85 "

AF * FM 39 372783.652 20.76 n

MC * FM 9 25304.653 6.11 "

(1) This decision is based on the null hypothesis that the group
means for each effect are equal at

= 0.01.

In order to select a model that will predict the effects of moisture and

foreign material on the static pressure drop, we followed the standard

stepwise procedure to arrive at the following nonlinear regression model:

where

SP =

SP

&

MC

2

a,b,c,d

a (AF) + b (AF)2 - ¢ (MC) (AF) - d (FM) (AF)

pressure drop per meter depth of grain, Pascal/m.

air velocity, m/s.
grain moisture content, Z(w.b.)

foreign material, Z%.

= constants.

(10]
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The values of constants evaluated are:

a = 3749.15
b = 8289.97
¢ = 117,12
d = 164.23

This model described our results very well. The coefficient of
determination R2 (percentage of total variation around the mean,
explained by the regression) was above 0.997 for this model. The
computer programs for the anglysis of variance and regression are

presented in the Appendix.

The computer output compares the observed and predicted values, and
shows a good agreement between them. Table 11 shows a comparison between
randomly selected experimental values and values obtained using equation

10.

Table 11. Compdarison Between Experimental Data and Model Values

Foreign Moisture Air Vel. SP (Pa/m) Percentage-
Material % Content (Z w.b.) m/s Exp. Val. Model Val. Deviation
5% 19.5 0.3810 1463.42 1448.81 0.99
3% 19.5 0.2540 778.15 781.88 0.48".
3% 17.4 0.1524 389.81 378.25 1.45"
3% 15.2 0.1016 276.31 268.93 2.67
1% 17.4 0.1032 650.41 656.65 0.95
0% 15.2 0.0508 121.38 121.41 0.03

0% 19.5 0.3810 1756.05 1761.66 0.32
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CONCLUSIONS

Within the range of moisture content and foreign material

investigated, the following conclusions were drawn from this study:

1.

Static pressure drop in rough rice increases with decreasing moisture
content. The degree of increase depends on the airflow and moisture

tested.

Static pressure drop in rough rice decreases with an increase in

foreign material. The degree of decrease depends on the airflow and

foreign material examined.

Static pressure drop in rough rice increases with an increase in
airflow. The degree of increase depends on the amount of foreign

material and the moisture content in the bed

The statistical model

SP = a (AF) + b (AF)? - ¢ (MC) (AF) - d (FM) (AF)

adequately describes the relationship between static pressure drop,

air velocity, grain moisture content, and foreign material.
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Table 2. Air Velocity and Static Pressure Drop for Rough Rice
at 0% Foreign Materials at Different Moisture Content.

Moisture Content Air Velocity Static Pressure Drop in (Pa/m)
%2 (w.b.) m/ sec R, R, R,

19.5 0.0508 112,65 98.36 105.71
19.5 0.0762 171.01 169.78 170.60
19.5 0.1016 247.74 248 .96 248.96
19.5 0.1270 330.60 335.90 334,67
19.5 0.1524 416.71 412.22 417.52
19.5 0.1778 518.33 514.66 518.33
19.5 0.2032 632.20 624,45 629.35
19.5 0.2286 748 .52 741.99 746.07
19.5 0.2540 874.64 861.17 868.92
19.5 0.2794 1010.14 996.26 1002.38
19.5 0.3048 1142,78 1122.38 1138.70
19.5 0.3302 1295.83 1275.43 1283.18
19.5 0.3556 1607.24 1593.36 1603.16
19.5 0.3810 1775.39 1737.85 1754.99
17.4 0.0508 117.95 119.18 117.14
17.4 0.0762 191.42 194.68 192.64
17.4 0.1016 278.35 275.90 277.53
17.4 0.1270 366.91 375.49 371.40
17.4 0.1524 471.40 483.64 473.44
17.4 0.1778 579.55 597.51 608.53
17.4 0.2032 694 .65 679.74 687.30
17.4 0.2286 860.35 889.33 858.72
17.4 0.2540 999.12 987.69 991.36
17.4 0.2794 1145.23 1150.94 1154.62
17.4 0.3048 1298.70 1302.36 1268.90
17.4 0.3302 1397.70 1421.95 1387.66
17.4 0.3556 1742.74 1758.66 1752.25

17.4 0.3810 1820.29 1815.39 1824,37



Table 2. (continued)

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

Z (w.b.) m/ sec R1 R2 R3
15.2 0.0508 119,99 127.75 116.32
15.2 0.0762 184.48 195.09 216.72
15.2 0.1016 257.94 276.31 302.02
15.2 0.1270 376.30 374.67 375.49
15.2 0.1524 510.58 485 .68 497.97
15.2 0.1778 582.00 632.61 653.02
15.2 0.2032 733.42 754.64 746 .48
15.2 0.2286 815.86 898.72 981.57
15.2 0.2540 1032.99 1061.15 1067.28
15.2 0.2794 1212.17 1260.73 1249 .31
15.2 0.3048 1310.12 1344 .40 1381.54
15.2 0.3302 1603.16 1600.30 1610.51
15.2 0.3556 1901.92 1906.81 1914.98
15.2 0.3810 1999.05 2042.31 2119.04
11.8 0.0508 148.97 97.95 133.87
11.8 0.0762 716.31 202.44 199.99
11.8 0.1016 313.45 284,47 375.49
11.8 0.1270 341.61 406.91 403.65
11.8 0.1524 559.56 508.95 497.93
11.8 0.1778 698.32 640.37 618.74
11.8 0.2032 - 861.98 798.72 755.05
11.8 0.2286 1017.08 959,12 900.76
11.8 0.2540 1204 .00 1112.17 1033.40
11.8 0.2794 1384.81 1276.24 1206.86
11.8 0.3048 1568.47 1448.48 1344.40
11.8 0.3302 1748.46 1629.28 1543.57
11.8 0.3556 2137.41 2019.46 1891.30
11.8 0.3810 2332.91 2223.94 2046.80
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Table 3. Air Velocity and Static Pressure Drop for Rough Rice
at 1% Foreign Materials at Different Moisture Content.

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

%Z (w.b.) m/ sec Ry R2 ,R3
19.5 0.0508 106.61 101.22 98.77
19.5 0.0762 168.56 167.74 166.93
19.5 0.1016 244 .88 246.11 245.29
19.5 0.1270 320.39 333.86 327.33
19.5 0.1524 407.73 399.97 428.67
19.5 0.1778 494.66 497.11 495.89
19.5 0.2032 602.00 606.49 573.43
19.5 0.2286 719.14 726.48 723.22
19.5 0.2540 835.05 848.52 842.80
19.5 0.2794 962.39 964 .83 963.61
19.5 0.3048 1093.40 1094.62 1093.81
19.5 0.3302 1246.04 1260.33 1253.80
19.5 0.3556 1550.09 1560.71 1554.18
19.5 0.3810 1712.13 1714.17 1710.13
17.4 0.0508 118.36 107.34 111.83
17.4 0.0762 194,27 171.42 186.93
17.4 0.1016 280.79 244,88 266.51
17.4 0.1270 369.36 326.51 355.49
17.4 0.1524 463.64 408.14 450.58
17.4 0.1778 566.90 513.44 562.41
17.4 0.2032 670.16 619.55 661.59
17.4 0.2286 817.09 737.09 805.25
17.4 0.2540 950.96 859.94 937.49
17.4 0.2794 1101.15 1019.93 1073.40
17.4 0.3048 1260.73 1168.09 1220.74
17.4 0.3302 1306.04 1261.96 1302.36
17.4 0.3556 1714.99 1672.95 1678.26
17.4 0.3810 1763.15 1714.99 1750.09
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Table 3. (continued)

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

%2 (w.b.) m/ sec Rl R2 R3
15.2 0.0508 116.73 115.50 122.03
15.2 0.0762 181.21 186.11 193.05
15.2 0.1016 264 .88 277.53 286.51
15.2 0.1270 352.22 373.04 379.57
15.2 0.1524 446,09 489.76 494,66
15.2 0.1778 593.43 596.29 604 .86
15.2 0.2032 723.22 738.73 715.46
15.2 0.2286 886.47 886.06 877.09
15.2 0.2540 1025.24 1021.16 1015.04
15.2 0.2794 1191.76 1185.23 1186.45
15.2 0.3048 1263.59 1240.73 1237.88
15.2 0.3302 1371.34 1408.89 1455.87
15.2 0.3556 1780.29 1779 .48 1773.35
15.2 0.3810 1812.53 1804 .37 1808.45
11.8 0.0508 125.30 114.28 118.48
11.8 0.0762 200.40 192.23 193.25
11.8 0.1016 300.39 287.33 269.98
11.8 0.1270 403.24 382.83 371.61
11.8 0.1524 512.69 484,05 476.60
11.8 0.1778 644 .85 611.39 583.63
11.8 0.2032 794.23 748.93 710.16
11.8 0.2286 950.14 905.25 850.64
11.8 0.2540 1092.17 1048.91 986.71
11.8 0.2794 1252.98 1215.43 1134.78
11.8 0.3048 1408.48 1383.17 1287.84
11.8 0.3302 1588.06 1597.04 1445.01
11.8 0.3556 2052.93 1946.40 1877.84
11.8 0.3810 2132.92 2090.48 1980.28
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Table 4. Air Velocity and Static Pressure Drop for Rough Rice
at 3% Foreign Materials at Different Moisture Content.

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

%Z (w.b.) m/ sec Rl R2 R3
19.5 0.0508 99 .59 89.79 91.42
19.5 0.0762 162.03 152.64 151.42
19.5 0.1016 232.64 216.72 223.25
19.5 0.1270 312.22 288.14 292.63
19.5 0.1524 387.32 364.06 370.59
19.5 0.1778 480.38 455.07 460.79
19.5 0.2032 575.88 553.02 562.41
19.5 0.2286 686.49 650.98 669 .34
19.5 0.2540 798.72 762 .40 773.42
19.5 0.2794 912.19 870.15 894.23
19.5 0.3048 1052.99 1002.40 1035.44
19.5 0.3302 1190.53 1142.78 1173.80
19.5 0.3556 1478.68 1427 .66 1432.56
19.5 0.3810 1652.54 1591.73 1599.49
17.4 0.0508 98.77 99,99 101.63
17.4 0.0762 159.17 158.77 159.58
17.4 0.1016 228.56 226.92 228.96
17.4 0.1270 306.10 305.69 306.92
17.4 0.1524 379.57 385.69 386.10
17.4 0.1778 480.78 484 .87 478.33
17.4 0.2032 . 579.55 580.37 585.68
17.4 0.2286 697.91 697.10 697.91
17.4 0.2540 805.66 807.29 806.48
17.4 0.2794 927.69 930.55 926.47
17.4 0.3048 1063.20 1064 .83 1064 .42
17.4 0.3302 1205.64 1208.08 1208.49
17.4 0.3556 1503.98 1502.35 1503.57
17.4 0.3810 1669 .28 1671.32 1670.50
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Table 4. (continued)

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

Z (w.b.) m/ sec R1 R2 R3
15.2 0.0508 106.12 108.56 110.60
15.2 0.0762 171.42 175.50 168.15
15.2 0.1016 245.70 248 .96 242,43
15.2 0.1270 358.75 359.16 359.98
15.2 0.1524 457.11 501.60 413.03
15.2 0.1778 572.21 575.47 566.90
15.2 0.2032 697.51 701.59 687.71
15.2 0.2286 796.27 800.76 790.97
15.2 0.2540 901.57 905.25 899.94
152 0.2794 1085.23 1089.32 1070.95
15.2 0.3048 1183.19 1186.86 1176.25
15.2 0.3302 1338.69 1342.77 1330.12
15.2 0.3556 1648 .87 1652.14 1641.93
15.2 0.3810 1754.99 1763.15 1685.20
11.8 0.0508 107.34 112.65 114.86
11.8 0.0762 188.56 175.50 193.46
11.8 0.1016 278.76 263.66 281.61
11.8 0.1270 370.18 364.47 378.34
11.8 0.1524 469.36 453.85 - 473.03
11.8 0.1778 591.80 568.53 584 .45
11.8 0.2032 724.85 695.46 721.18
11.8 0.2286 868.51 833.82 859 .94
11.8 0.2540 1014.63 973.81 1000.34
11.8 0.2794 1165.23 1128.09 1148.90
11.8 0.3048 1311.75 1283.99 1314.20
11.8 0.3302 1479.50 1457 .46 1358.28
11.8 0.3556 1841.51 1822.33 1853.76
11.8 0.3810 2014.97 1973.34 2015.79
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Table 5. Air Velocity and Static Pressure Drop for Rough Rice
at 5% Foreign Materials at Different Moisture Content.

Moisture Content Air Velocity Static Pressure Drop in (Pa/m)
%2 (w.b.) m/ sec R, R, R,
19.5 0.0508 90.20 83.26 82.85
19.5 . 0.0762 143.26 137.54 136.32
19.5 0.1016 211.41 199.99 198.35
19.5 0.1270 283.65 271.00 266,92
19.5 0.1524 353.04 336.71 336.30
19.5 0.1778 435.07 416.30 414.67
19.5 0.2032 532.62 ~ 514.25 501.19
19.5 0.2286 634.24 604 .04 600.39
19.5 0.2540 731.38 705.26 698.32
19.5 0.2794 840.76 812.19 808.52
19.5 0.3048 958.71 938.71 918.31
19.5 0.3302 1088.91 1061.97 1049.73
19.5 0.3556 1357.87 1332.57 1306.44
19.5 0.3810 1506.02 1326.04 1435.82
17.4 0.0508 90.20 89.79 87.75
17.4 0.0762 146.11 142.85 138.77
17.4 0.1016 208.96 206.52 204.07
17.4 0.1270 277.53 279.17 277.53
17.4 0.1524 353.04 353.85 351.41
" 17.4 0.1778 444 .87 443.24 440.78
17.4 0.2032 533.03 532.21 528.13
17.4 0.2286 636.69 635.88 634.24
17.4 0.2540 733.83 734.24 731.38
17.4 0.2794 844.03 844 .84 840.76
17.4 0.3048 959.94 960.75 957.49
17.4 0.3302 1090.13 1092.58 1089.72
17.4 0.3556 1359.09 1365.22 1359.50

17.4 0.3810 1506.84 1514.19 1507.66



Table 5. (continued)

Moisture Content

Air Velocity

Static Pressure Drop in (Pa/m)

%Z (w.b.) m/ sec R1 R2 R3
15.2 0.0508 106.12 108.16 106.52
15.2 0.0762 162 .84 163.25 162.85
15.2 0.1016 228.56 228.15 229 .37
15.2 0.1270 328.14 330.18 324,88
15.2 0.1524 407.73 409.77 409.36
15.2 0.1778 506.09 509.76 506.91
15.2 0.2032 641.60 636.69 653.83
15.2 0.2286 697.51 694 .65 691.38
15.2 0.2540 735.87 736.28 735.05
15.2 0.2794 926.47 963.20 964.83
15.2 0.3048 1073.40 1057.07 1077.89
15.2 0.3302 1199.92 1183.19 1207 .68
15.2 0.3556 1501.94 1486.02 1506.84
15.2 0.3810 1710.09 1685.20 1714.17
11.8 0.0508 111.01 106.12 107.34
11.8 0.0762 162.85 171.83 170.19
11.8 0.1016 235.09 254.27 258.76
11.8 0.1270 323.65 337.12 353.45
11.8 0.1524 411.40 430.58 440,38
11.8 0.1778 515.07 531.80 552.62
11.8 0.2032 633.84 654.65 674.24
11.8 0.2286 761.17 788.11 814.64
11.8 0.2540 888.51 914.22 940.75
11.8 0.2794 1020.34 1050.14 1083.60
11.8 0.3048 1161.56 1208.08 1245.63
11.8 0.3302 1321.95 1363.18 1403.99
11.8 0.3556 1650.91 1701.11 1746.82
11.8 0.3810 1795.80 1854.98 1912.53
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ABSTRACT

The objectives of this investigation were (1) to determine the
effects of moisture content and foreign material in rough rice kernels on
airflow resistance, and (2) to develop a mathematical model that will
describe the effects of moisture content and foreign materials on airflow

resistance.

Fourteen levels of airflow (ranging from 0.0508 to 0.3810 m/s), four
levels of moisture content (ranging from 11.8 to 19.5% w.b.), and four

levels of foreign material (0, 1, 3 and 5%) were investigated.

Tests were carried out using a micromanometer to measure both
static pressures across the ASME nozzle in airflow measurement and across
the test bed. An envirommental chamber was used to control the temperature

and humidity of the supplied air.

The results showed that all main factors significantly affect the
static pressure drop across the grain bed. Increasing moisture content
decreases the static pressure, while increasing the foreign material

decreases the static pressure drop.

The following equation describes the relation between static
pressure, airflow, moisture content, and foreign material:

a (AF) + b (AF)% = ¢ (MC) (AF) - d (FM) (AF)

SP =
where
SP = static pressure drop per meter depth of grain, pa/m.
AF = air velocity, m/s.
MC = moisture content, % (w.b.).
FM = foreign material, Z.

a, b, ¢, and d are constants.



This model fits our data very well, with R2 above 0.997. The values

of constants estimated are:

a = 3749.15
b = 8289.97
e = 777.12
d = 164.23



