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INTRCDUCTICN

The growing importance of pneuratic conveying systems for bulk
matarials is attributed to the economic advantages such systems fre-
uently exhibit when compared to alternate methods. Some of these
advantages are mechanical simplicity, ease of installation, low initisl
cost, flexibility, ease of maintenance, cleanliness, wide range of
applicability and ease of automation to the degree desired.

The main disadvantages of a pneumatic system are the higher
power requirements per unit weight of material conveyed, material 1limi-
tations in abrasiveness and density and material breakage., Figh power
requirements are due to either improper design of the system or to high
gonveying velocities, Also, velocity is the critical factor for the
breakage of the material, |

Lowered grain quality, due to substantial amounts of broken and
eracked wheat kermels, causes significant economic losses throughout
the grain irndustry. The importing nations at one time were increasingly
eritical of the poor gquality of U. S. wheat. All this led to thkorough
investigations to find what caused the demage. Considerable improve-
mwents were affected in the design of combines, but that was not the end
cf the story.

Recent studies have revealed that climatic conditions before
harvesting, growing location and variety are the major biological con-
tributing factors to grain damage during handling. Considerable work
is still tc be done to evaluate all the factors whick contribute to

mechanical damsge to grain.
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CBJECTIVE

The purpose of this investigation was to evaluate the extent of
mechanical damage to wheal in pneumatic conveying as affected by air
velocity, conveying length, variety and climatic conditions in the year
of growth and to provide information for corrective measures to mini-

mize mechanical damage.



LITERATURE REVIEW

Pioneering and extensive work in the arsa of damage evaluation
in & pneumatic conveying system was done by Segler (25). However,
Gasterstadt (12) was first to point out the occurrence of damzge to
grain when it is conveyed with too high an air veloeity., FHe foumd
that grain which was handled repeatedly under umfavorable conditions
(wvhich would not have occurred in practice) was completely broken up.

The experiments carried out by Segler (25, 26) were designed to
investigate the influence that air velocity, grain moisture content,
grain temperature, pipe size and throughput have on grain damage. Fe
carried out experiments with peas in a pive line 4.44 inches in diameter
and about 240 feet long with four 90 degree bends. Ee showed that
damage increases as the throughput decreases and that grains conveyed
one at a time are exposed to greatest danger of damage. He assumed
that st higher throughputs individual grains collide with the wall iess
frequently because the denser stream of material acts as a cushion
against the pine wall.

To determine the Influence of the pipe dismeter on damage he
used two pipe lines of 1.81 and 10.8 inches in diameter with identical
arrangements and concluded that the grain was damaged more in the
gmaller pize than in the larger one,

Sezler regards air velocity as the most critical factor in deter-
mining whether or not damage will occur, His tests with peas of 15.4

percent meisture content showed that the incidence of damage increased
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approximately with the cube of the air veloeity in the range of veloci-
ties from 50 to 100 fozet per second. He suggested safe air wvelocities
to avoid both blockage and grain damage for various rates of throughput.

In his work on eonveying velocities, Alden 1) points ocut that
for a given pipe diameter, tke raterial handling capacity increases as
the cube of the velocity. He recommends the range of conveying veloei-
ties for various materials, including grain., For wheat he recommends
& range of 5,000 to 7,000 feet per minute., However, he =adds that the
velocities should be selected with consideration for the nature and
subseqguent use of the conveyed material. He also points out that dense
materials require less air per pound thkan do lighter and bulkier sub-
stances. |

According to Kleis (1£), a conveying air velocity of 4,000 feet
per minute is necessary and sufficient for satisfactory and continuous
operation, FEilanski (2) and co-workers published the terminal velccities
of varicus s=ed grain., For wheat the terminal velocity they gave was
29,5 feet per second. Person and Sorenson (21) found that the minimm
air velocities ranged from approximstely 3,000 fpm. to 4,7C0 fom.
depending on the grain capacity required. Fischer (9) recommends that
for nearly all conveying systems involving material with bulk densities
ranging from 25 to 60 pounds per cutic foot, a velocity of 5,000 feet
per minute will be satisfactory.

Person and Sorenscn (21} irn their attempt to determine the air
valocity at which damace to germination of sorghum grzin occurred,

ecould iInercase the velocity by only 800 fom, over their suggested
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ninimum air velocity. They had system limitations and at that maximum
velocity they could not find any damage to germination. Chumg (6), in
his work with corn conveying, found that air veloeity contributed to
the highest mechanical damage, and he concluded that the range of con-
veying velocities provosed by Alden was too high for practical convey-
ing purposes.

The moisture content of the grain was also shown by Segler to
be a critical factor in grain damage by pneumatic conveying. COver tke
range of 17.1 to 15.5 percent moisture content, the percentage breakage
of peas increased from 0.1 to 11.)1 percent, showing that dry peas are
more sensitive to damage than wet peas, But in the case of wheat he
did not find any evidence of damage to normally dry wheat of 15.2 per-
cent moisture coﬁtent even at an air velocity of 130 feet per second;
however, damp wheat (22.6 percent) and very dry wheat (10,3 percent)
were badly damaged at this velocity. Fe concluded that 1liability to
damage in conveying rises both with increasing and decreasing moisture.
least damage oceurs at about normal dryress. Ching (6) reported higher
damage to corn at 12 percent moisture content than at 20 percent
moisture content and recommended an upper limit velocity of 90 feet
per second for econveying 12 percent moisture corm.

Segler also investigated the effect of grain temperature on
damage and found this factor insignificant in the range of 32 to 86
degrees F.

The design aspects of the pneumsatic conveying system ware

studied by numerous investigators such as Vitwmac (32), EKraus (17),



Fischer (9), Uematsu and Co-workers (30). Kleis (16), Crane and
Carleton (2), Puckett {22), Hudson (14) and Molynewx (20) and signifi-
cant advances were made in that aspect.

Much work wss done to make better use of pneumatic converors by
Stoess (29), HFudson (15), Schultz (24), and Burrel (4). Their attempts
were partiaslly to reduce higher power c¢onsumption, the major disadvantage
of these conveyors.

Leko (18) showed that considerable power reductions were possible
by using air pipes of oval cross sections instead of circular ones.

Bilenski (3), in an attempt to determine some basic knowledge of
the energies and forces involved in damaging grain during threshirg,
e¢leaning and conveying, predicted that the history of the grain kernel
will affect its damage resistance. For example, the stage of maturity
et which the grain was threshed and the storage conditions affect
susceptibility to mechanical damage. Fischer (2) suggested that the
physical characteristics, such as size, bulk density and degree of
hygroscopieity of the material to be conveyed, should bte taker into
consideration before designing a pneumatiec conveyor.

Milner and Shellenberger (19) used x-ray techniques to find
internal fissures in weathered wheat. In their studies, changes in
physical properties due to weathering, wetting and drying were dis-
cussed in terms of radiographical evidence of internal fissures.

Cramg and Converse (5), in their radiographical exarination of
interral dam=age to wheat, observed significant effects of ths year of

growth and location, followed by variety and msthod of harvesting on



internal damage. They found many internal cracks in wheat kernels
already formed in the field before harvest. They also predicted that
grains with many internal cracks were more susceptible to breakage in
handling.

Various methods were developed to evaluate damage to pneumati-
cally conveysd grain, depending on the conveyed material and its use
after conveying. Official grain standards of the United States (31)
defines damaged kernels as those kernels and pleces of kernels of wheat
and other grains which are heat damaged, sprouted, frosted, badly ground
. damaged, badly weather damaged, moldy, diseased or othterwise materially
damaged. This is obviously an ambiguous definition of damage. Shrunken
and broken kernels are defined as those that pass readily through a
0.06/ x 3/8 inch oblong hole sieve (31). FHenderson and Perry (13)
suggested the use of the Ro-Tap machine, using proper Tyler sieves, for
classifying any granular material.

Cnly limited data are available on wheat damage caused in pneu-
matic conveying systems. All the factors that contribute to damage
were never studled togsther; therefore this study was suggested to
evaluate the effects of certain factors on wheat damage during pneu-

matic conveying.



EXPERTMENTAL WETHOD
4. Equipment

Experiments were conducted in a positive low-volume mediur pres-
sure conveying system. A positive displacement air blower with a
maximum pressure of 10 psig., a rotary drop-through air lock feeder with
a surge hopper over it and a cyclone separator were used in the system.
The quantity of air was regulated by changing the blower speed itmtil the
test flow was indicated on a fliowrator meter made by Fischer and Forter
Company (10). The flowrator was calibrated to give 180 cubie feet of
air per minute at 100 percent reading, at 2 psig. and 100 degrees F'. A
dial thermometer and a pressure gage were used in the line before the
flowrator to correct flow rate calculations as suggested by the Fischer
and Porter Company. A circular cone orifice fitted in the hopper main-
tained a constant feeding rate throughout the experiments.

Tke conveying lines were 1.9 inches in diameter, 200 feet long
and had 14 90-degree elbows and one 45-degrse elbow; all the elbows had
s curvature of 24 inches radius. A photogzraph of the pneumatie con-
veying system is shown in Plate I.

For the purpose of evaluating the damage or fines after con-
veying through the system, a Ro-Tap machine was used with a set of

Tyler sieves composed of sereen numbers 5, 6, 7, 8, 10, 14, 28 and

the pan.






PLATE I

Photograph of pneumatic conveying

system used in the experiment.
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B, Materials

Two common varieties of winter whest in Kansas (Scout and Cttawa)
combine harvested in 1968 and 1969, were selected on the basis of their
particle size or weight per thousand kernels, for the purpose of this
investigation. The 1968 samples were barvested in the last week of
Jure, 1968 from Kansas State University Experimental Field at Futchinson
in Reno County. The samples were stored in bags at room temperéture
until conveyed through the system.

The Scout variety of 1969 was harvested in the last week of June,
1969 in Stafford County, Kansas. The Ottawa variety of 1969 was harvested
in the second week of July. The rainy weather conditions prevented ccm-
bining during the first week of maturity. This Ottawa came from Geary
and Saline counties, The varieties of 1969 were run through the system
as they were procured. There was negligible variation in the moisture

contents of each variety of wheat tested as shown in Table 1.
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C. Experimental Design

A factorial design with 4 levels of conveying air velocity,

4 levels of conveying length, 2 levels of variety and 2 levels of age
or year of growth of the wheat was used. There were 64 (4 x 4 x 2 x 2)
treatment combinations for each replication., Three replications were
made for each treatment combination. The levels of each varisbtle
studied are summarized in Table 2,

The air velocities were determined after applying three tyves of
corrections to the flow indicated by the flowrator. First, when grain
was introduced into the system, the air flow was reduced and a lower
flowrator reading was recorded, The second correction was applied to
account for the temperature and pressure variations of the air for test
conditions., These correction factors were taken from the instruction
booklet of the flowrator manufacturer (1C). The third correction was
to account for ths zir loss through the feeder. The loss of air in the
air-lock due to positive displacement was a ccrponent of this. After
s detailed analysis on the same system, Ching (6) found that there was
an average air loss of 6.5 percent of actual air flow through the systen.
The actuzl zir flows were obtained after applying the above three cor-
recticns, and from them a range for each velocity was obtained account-
ing for the wariation in the cross-sectional area of the oipes in the
system as shown in Table 3. TFor comparison purposes the air velocities
used were 96, 102, 110 and 120 feet cer second. The conveying lengths,
glven in Table 2, were obtained by conveying the ssme wheat repsatedly

through the 200 feet system.
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Table 2. Levals of the experimentzal variables.

— Levels
REASSEAR 1 2 3 4 Total levels
Air velocity, fps. 9% 102 110 120 4

Conveying length, ft. 1,000 2,000 3,000 4,000

Variety Scout Cttaws
Year of growth 19638 1969
Replications

£~

w o oNn

Treatment combinations for each replication

Replications for each treatment combination

L x4 x2x2 =64
3.
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D. Procedure

Five hundred grams of dockage free wheat sample were used for
each test run throughout the experiments., The samples contained a few
broken kernels before conveying through the system.

The criterion used for evaluating the damage in this Investi-
gation was based on the percentage of the broken kernels by'ueight_
passing through the No. 10-mesh Tyler screen sieve when the Ro-Tap
machine was run for five minutes for each test sample with 5, By Ty
8, 10, 14, 28 sieves and pan. This percentage by weight of broken
kernels and particles of wheat passing through the ¥o. 10 sieve with
an opening size of 0,065 inches was taken as the criterion for the
damage and uas.called "percentage fines“; Heﬁceforth, in all the
analysis of damage the terms, "percentage fines"™ and "damage" will be
used interchangeably with the same meaning. The average of percentage
fines before handlirg is recorded in Table 1,

The feeding rate was maintained constant for all the runs. The
temperature and pressure of air in the pipe before the flowrator were
observed and corrections were applied for the air flow. For each test
run the weight of wheat retained on each sleve was recorded but the
percentages were calculated only for the fines., The data of percentage

fines after conveying are recorded in Tables 4 through 7 in Apoendix I,
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ANALYSIS OF PERCENTAGE FINES (WHEAT DAMAGE)

The analysis of variance tables of percentage fines for Secout
and Cttawa varieties of both 1968 and 1969 are shown in Tables &
through 12 in Appendix II.

As the qu;ntities of percentage fines obtained were small for
the purpose of analysis of variance, they were converted intﬁ-angles'by
means of Arcsine transformation (27) which would ensure a normal dis-
tribution.

The standard an&lysié of variance program (N-Way ANOVA) (28),
stored in the computer-360, was used to obtain the F - test values.,
Throughout thé aﬁalysis a 5rpercent confidence interval.was used, For
the purpose of making decisions, the critical F-values were taken from

the standard F-distribution tables (11).
Mathematical Model for Analysis of Variance

A mathematical model may be formed for the analysis of variance
of percentage fines of Seout and Ottawa of both 1968 and 1969, as an
extension of the standard model given in any text on Experimental

Statistics (11) with the usual general meaning of each term.
Tijkim = A+ (T3 + (D)3 + (VL)g5 + (W + (Mg + (L¥) i
+ (VLw)ijk + (A)l + (Vﬁ)il + (m)jl + (VLA)ijl

+ (WA)yy + (TiA)g + (T¥A) g9 + (VLWA)ijia + Eijuan
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where 1, j, k, 1 and m represent the levels of conveying velocity, V;

conveying length, L; variety, W; year of growth or age, A; and repli-
cation, R, respectively. X is a sample data of transformed percentages
fines; A is the grand mean; and E 1s the random error in percentage

fines which is assumed to be normally independently distributed.
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RESULTS

A graphical presentation of the results is shown iIn figures 1
through 4 in Appendix III. The average values of the perqentage fines
were used in drawing these graphs.

Table 8 shows the analysis of variance on_the basis of percentage
fines for the Scout and Ottawa varieties of 1963 with the three factors,
velocity, conveying length and variety having 32 treatment combinations
for each replic#tion. It is seen that variety has the highest signifi-
eant effect, followed by conveying length and veiocitf; The first order
interactions are also found to have highly significant effects on
mechanical damage. |

In Table 9 the percentage fines of Scout and Ottawa varieties
grown in 1969 are analysed with the same factors as above, and it is
again seen that variety has the highest significant effeet, followed by
the conveying length and velocity. The first order interactions also
have highly significant effect on the damage.

In Table 10, the data of percentage fines of Scout variety of
1968 and 1969 are analysed with the three factors, velocity, conveying
length and year of gfowth or age, In this case, conveying length has
the highest significant effect on mechanical damage, followed by the
velocity and the year of growth. In the first order interactions,
velocity x ccﬂvéying length has higher significant effect on the damage
than that of velccity x year of growth and conveying length x year of

growth,
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In Table 11, mechesnical damage to Chtawa variety of 1968 and
1969 is analysed with the same three factors as above. In this caze,
the year of growth is seen to have very highly significant effect on
mechanical damage. Year of growth is followed by conveying length and
velocity in significance. The effects of the first order interactions
are also highly significant.

Table 12 shoué the analysis of variance on the basis of percentage
fines using all four factors, velocity, conveying length, variety and
the year of growth, for the Scout and Ottawa varieties of both 1942 and
1669. The highest significant effeet on the mechanical damage is sesn
to be due to tke first order interaction of variety x year of growth,
fcllowed by conveying length and velocity and then by the year of growth,
The varietal effect is seen to be comparatively lesa. Among the first
and second order interacticns velocity x conveying length, velocity
x year of growth, velccity x variety x year of growth znd conveying
length x variety x year of growth are found to have highly significant

effects on the mechenical damsge.
Discussion of tke Results

From the above results it is seen that all four factors, (veleoeity,
conveying length, wvariety and tée year of growth), have significant
effects on the extent of mechanical damsge caused irn the pneunatic con-
veying systen. The effects of the factors, year of grocwth and variety
wers more pronounced on the damage. Between the two, velcelty and con-
veving length, conveying length had more significant effect on the

rnechanical damage than velocity.
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In figures 1 througk 4 3t is seen that percentage fines generally
increased with increasing length and/or velocity. The damage caused to
Scout variety compared to Cttawa variety, 1968 crop, is twice as much
under the same conditiors of treatment. This is shown in figures 1 and
2. For 1569 samples the order is reversed., Twice as much damage oc-
curred to Ottawa as to Scout. This is shown in figures 3 and 4. From
the figures 1 and 3, and figures 2 and 4, it is seen that the Scout
variety of 1968 suffered as ruch as twice the damage for a given treat-
ment compared to the same variety of 1969. In the case of Ottawa the
order was reversed,

As explained in the materials section, the two varieties of 1969
. which were not procured from the same location, probably introduced the
factor of location., The different soil and climatie conditions at har-
vest time have significant effects on the internal damage to wheat,
vhich would contribute to further damage in handling. Although the two
varieties, Scout and Cttawa, were selected partially on the basis of
size of the kernmels or weight per thousand kernels, a definite relation
could not be established. After conveying 1968 wheat samples it was
thought that the bigger kernels were more susceptible to damage, but
this idea was proved baseless after conveying 1969 wheat when the order
was reversed,

The extent of darage was maximum in the Cttawa variety of 1969.
As mentioned earlier, this involved z delay factor of two weeks in
harvesting after maturity. The bad weather conditions probably intro-

duced .more internal cracks in the wheat. The percentage fines of this
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variety before conveying, which was due to weathering and combining,
was also three to four times higher than for all other varieties tested.
Another significant difference in this variety (Table 1)} was that the
test‘weight per bushel was only 57 pounds compared to mqfe_than 60
pounds for the other samples. The weight per thousand kernels and the
compressive strength were also least in the case of this variety.

It was observed that the percentage fines increased abruptly at
the conveying velocity of 120 feet per second in all the warleties
tested., That was probably because of the increased abrasion; collision
forces and impacts in the pipe that would tend to break the kernmels.

It was as expected that the farther the wheat was conveyed, the greater
the darace caused to it, sinee the kernels were subjected to abrasion - --

and impacts so many more times.
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CONCLUSIONS

The following conclusions were drawn from the results of this
investigation:

1. Year of growth, variety, conveying length and wvelocity all
had a significant effect on the mechanical damage in decreasing order.

2. The damage generally increased with increasing air wvelocity
and conveying length for a given variety and year of growth.

3. Year of growth has to do with the climatic conditions of a
given location over the period of growth until harvesting is done.
This had the most significant effect on the damage as revealed in this
investigation. Unfavorable weather conditions like excessive heat and
rain contribute to damage in handling.

L. The variety with the least test weight per bushel and com-
pressive strength was more susceptible to damage.

5. Different varieties are susceptible to damage in conveying
in different ways. An intensive search in this field might result in
varieties less susceptible to mechanical damage.

6, It is advisable to keep the conveying air velocity as low
as possible without blockage in the conveying pipe in order tc have
minimur damage and minimum power consumption.

7. In general, to keep the percentage fines less than one per-
cent for the typerof the conveyinz system used, a conveying velocityj
of less than 100 feet per second is suggested., If the limit of the
percentage fines acceptable 1s three percent, the velocity of air may

be increased by ten percent.
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8. It should be noted that the pipe diameter of the conveying

system was 1.9 inches, which is smaller than generally used for grain,
The range cf diameters generally is three to eight inches and the sus-
ceptibility to damage in a wider ?ipe i1s less because the kernels will

have less impact with the pipe wall dus to the higher leaps possible.

In the system used, the wheat conveyed. was subjected to.many elbows for .

the distance conveyed (75 elbows for each 1,000 feet), increasing the
possibility of damége oceurrence, Further, the grain was conveyed only
intermittently and it is known that in continuvous conveying the denser
gtream of material acts as a cushion and reduces the damage., In the
light of the above mentioned pointis, damage is apt to be less in a
practical system than indicated here.

9, TUnited States Department of Agriculture specification does
not give a true reoresentation of mechanical damage as it also includes
sound kernels. The methed used in this investigation might be worth-

wvhile for determining mechanical damage.
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RECOMMENDATIOKS

To gain further understanding of the problem the following
additional work is suggested:

1. Study the effect of moisture content of thg wheat on
mechanical damage in conveying.

2. Study the effect of varying the feeding rate, the diameter
of the pipe and the cross-section of the pipe on mechanical damage.

3. Compare the extent of damage to wheat with no internal
damage and wheat with known levels of internal damage, as determined

by the radiographical examination for various conveying procedures.
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APPENDIX I

Data of percentage fines after conveying through the systenm

for Secout and Ottawa varieties of wheat grown in 1968 and 1969.
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Table 4. Percentage fines of Scout variety of wheat grown in 1968,

- Air Cénveying Replication Replication Replication  Average

velocity length No. 1 No. 2 No, 3 percentage
7 fines
ft/sec ft -~ percent percent percsnt ‘percent
% 0 €.082 0.074 0.062 0.072
1,000 0.289 0,322 0,338 0.316
2,000 0.582 0.521 0.€20 0.607
3,000 0.9C0 0.931 0.939 0.922
4,000 1.212 1.213 1.219 1.210
102 0 0.098 0.098 C.110 0.102
1,000 0.335 0.341 0. 361 0.345
2,000 0.633 0.635 0.677 0.644
3,000 0.994 1.015 1.067 1.021
4,000 1.319 1.343 1.417 1.357
116 0 0.090 0.092 0.088 C.090
1,000 0.519 0.519 0.£495 0. 511
2,000 0.984 0.984 0.994 0.987
3,000 1.495 1,469 1.470 1.477
4,000 2.049 1.999 2.018 2,021
120 0 0.090 0.084 0.080 0.084
1,000 0.702 0.706 0.719 0.709
2,000 1562 1.532 1,544, 1.526
3,000 2.465 2.484 2.52C 2.489.

4,000 3.574 3.639 3.627 3.612
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Table 5, Percentage fines of Cttawa variety of wheat grown in 1968.

Air Conveying Replication Replication Replication  Average
velocity length ¥o. 1 No. 2 No. 3 percentage

- : 7 fines
ft/sec fr percent percent percent - percent
% 0 0.060 0.064 0.058  0.060
1,000 0.106 0.110 0.1C4 0.106

2,000 0.226 0.228 0.226 0.226

3,000 0,332 0.334 0.326 0.330

4,000 0.456 0.451 0.451 0.452

102 0 0.062 0.060 | 0.062 0.061
1,000 0.196 0.128 0,184 0.189

2,000 0.356 0.278 0.356 0.353

3,000 G. 497 0.431 0.50C 0.499

4,000 0,638 0.578 0.645 0.644

110 0 0.056 0.06C 0.056 0.057
1,000 C.233 0.220 0.208 0.220

2,000 0,513 0.488 0.502 0.500

3,000 0.78C 0.757 0.767 0.767

4,000 1.065 1.042 1.050 1,051

120 0 0.076 0.074 0.073 0.076
1,000 0.331 €.336 0.339 0,335

2,000 0,707 0.694 C.734 0.711

3,000 1.081 1.066 1.118 1.087

4,000 1.496 1.485 1,543 1.506
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Table 6. Percentage fines of Scout variety of wheat grown in 1969.

Air Conveying PReplication Replication Replication Average

velocity 1length No., 1 No. 2 No. 3 percentage
fines
ft/sec £t percent percent percent percent
% 0 0.078 0.072 ~0.080 0.076
1,000 - 0.184 0.180 0.182 0.182
2,000 0.329 0.323 © 0.333 0. 328
3,000 0.484 0. 454 0. 496 0.478
4,000 0.615 0. 587 0.637 0.613
102 0 | 0.909 0.08,  0.084 0.086
1,000 0.263 0,270 0.266 0.266
2,000 0.515 0. 502 0.508 0.508
3,000 0.778 0.715 0.751 0.748
4,000 1.074 0.980 1.032 1.028
110 0 0.080 0.060 0.070 0.070
1,000 0. 300 0.280 0.2%0 0.290
2,000 0.581 0.521 0 551 0.551
3,000 0.874 0.787 0.234 0.831
4,000 1.158 1,061 1.118 1111
120 0 o.oéo 0.090 0.080 0.083
1,000 0.491 0.486 C.491 0.489
2,000 0.936 1.001 0.996 0.994
3,000 1.566 1.622 1.598 1.595

4,000 2,368 - 2,445 2,420 - 2.410
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Table 7. Percentage fines of Ottawa variety of wheat grown in 1969.

Alr Conveying Replication Replication Replication Average
velocity length No. 1 No, 2 No. 3 percentage

: z fines
ft/sec ft percent percent percent percent
96 0 0.350 0.310 0.340 0.330
1,000 0.513 0.472 0.483 0,489

2,000 0.8%8 0.836 0.857 0.863

3,000 1.244 1.161 1.192 1.198

4,000 1.571 1.497 1.519 1.528

102 0 0.360 0.300 0.320 | 0.326
1,000 0.663 0.633 0.643 0.646

2,000 1.159 1.068 1.108 1,711

3,000 1.618 1.516 1.546 1.559

4,000 2,059 1.976 1.965 1.999

110 0 0.400 0.410 0.3%0 0.400
1,000 0.704 0.774 0.723 0.733

2,000 1.343 1.464 1.331 1.378

3,000 1:935 2,067 1.903 1.967

4,000 2.572 2.655 2.520 2,580

120 0 0.310 0.270 0.250 0.276
1,000 1.085 1.045 1.104 1.078

2,000 2,092 2.001 2.060 2.051

3,000 3.193 3.112 3:171 3.158

4,000 4.601 4.468 4.556 4.541




APPENDIX II

Analysis of variance of percentage fines

for Seout and Cttawa of 1968 and 1969.
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Table 12. Analysis of variance bazsed on percentasze fines for
Scout and Ottawa varieties of 1968 and 1369.

Scurce of Sum of Degrees of Critical ¥
varistion squares freedom Mean squares F - Test at « = .05
v 236.33156 3 78.77719 9507.93312" 2.6%

L 345,28537 3 115.09512 13891.28992% 2.67
VxlL 28, 98837 9 3.22099 388.75361# 1.95

W 1.55880 1 1.55880 183.13804F 3,91
VxW 0.97995 3 0. 32665 39.42478% 2.67
LxW 0.22007 3 0.07336 8.85383% 2,67
VxLxVW 0.49439 9 0.05493 6.62998"% 1.95

A 39.83985 1 39.83985 4808. 43073 3.91
Vx4 2,98366 3 0.99455 120.036637  2.67
LxA 0.63656 3 0.21219 25,6095C* 2,67
VxLxA 0.63278 9 0.07031 8,/8588% 1.95
WxA 229, 42507 1 229, 42507 27690, 22781 * 3.91
VxWxA 5.19280 3 1.73093 208.913427 2.7
LxVWxA 11.06614 3 3.68871 44,5,205607 2.67
VxLx%WxA 0.94710 9 0.10523 12.70098* 1.95
Error 1.06053 128 0,.00829

Total 905.64352 191

Yery highly significant
iighly significant
Significant

+ T %



APPENDIX III

Graphical presentation of mechanical damage.
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This investigation was to study the effects of air velocity and
conveying length on mechanical damege during pneumatic conveying to Secout
and Ottawa Fard Red Winter Wheat grown in Kansas in 1968 and 1969. A
factorlal design was used with four levels of air velocity and four levels
of conveying length having 32 treatment combinations for each replication
and three replications for each treatment combination. A 500-gram sample
of wheat was used for each test run and the feeding rate was kept constant.
The moisture content cf all the wheat samples tested ranged from 10 to 13
percent, wet basis. The experiments were conducted in a pneumatic con-
veying system bhaving 1.9 inches inside diameter pipes. The pipe length
was 200 feet and contained 14 90-degree elbows and one 45-degree elbow.

The statistical analysis of the data showed that the year of growth
or age and the variety of the wheat, and thelr combined interaction effect,
were the rost significant factors contributing to fhe mechanical damage,
The percentage fines generally increased with Increasing air velocity and
conveying length for a given variety and year cf growth., Wnfavoratle
weather conditions before harvestirg were found to contribute to mechani-
cal damage in handling, It was suggested that the conveying air velocity
be always kept near to that rirnimum limited by tke blockage in the pipe;
however, it may be increased to an extent such that the damage caused by
that velocity is within an acceptable limit,

A new critericn for evaluating the mechanicel damage was developed
in terms of percentage fines, which is percent by weight of broken kernels
passing through the number 10 Tyler sieve when the sieve set is run In a
Po-Tap machire exactly for 5 minutes. This critericn was recommended for

future work in evaluating the mechanical damage in handling the wheat.



