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I. INTRODUCTION

The practice of holding wet grain threough the winter months with
aeration is growing in the corn belt. Corn at 18 to 22% moisture has been
held from harvest until warm weather the following spring (Foster, 1967).
The use of aeration for holding wet grain for shorter periods of time until
it can be dried, is even more widespread.

Aeration is used in some parts of the corm belt of the United States
to permit storage of 18 to 207 moisture corn from the time it is harvested
until early the following spring (Brooker et al., 1974). TFrequently, large
quantities of high moisture grain are stored in piles on the ground until
the grain can be dried (Jindal and Thompson, 1972). Aeration with natursal
air has been used for temporary or extended storage of high moisture corn
(Converse et al., 1973). Severe weather conditions and uncontrollable fac-
tors occasionallv require the temporary storage of high moisture grain
(Pierce and Thompson, 1975). Development of design criteria for high mois-
ture grain aeration fan selection is definitelv necessarv.

Determination of grain resistance to airflow is fundamental in the
design of drving and aeration systems. In order to select a fan capable of
overcoming the resistance cffered by drving or aeration systems, one has
tc know how much resistance will be developed in a particular hed of grain.

The most common approach in estimating pressure drop through grain is
to use experimental curves relating airflow and pressure drep. Shedd (1332)
develcped such curves for common seeds and grains. Designers widely use
Shedd's data on resistance of dry grains to airflow, for fan selection.
Thev use the data even for storage of high moisture grain. But what effect
grain moisture has on the static pressure drop has nct yvet bzen thoroughly

investigated. The effect of grain mecisture content on resistance to airfloew



{static pressure drop) is not clear (Brooker et al., 1974). There has been
a controversy on the effect of grain moisture content; some workers claim
moisture increases the pressure drop, others think it decreases it. So far
no agreement has been reached.

The objectives of this study were to:

a) determine the resistance of grain as affected by their moisture
content,

b) develop a relationship between grain moisture content and static
pressure drop and

¢} evaluate the possibility of expressing the static pressure drop in

terms of void fraction rather than grain moisture content.



II. REVIEW OF LITERATURE

2.1 Genersal

Extensive research findings have been reported on the resistance of
grains to airflow. However, studies on the effect of grain moisture content
on static pressure drop are extremely limited. The static pressure require-
ment of a fan providing aeraticn or drying air through a f£ixed ted of grain
is a functicn of many wvariables including the specific resistance cf tha
grain to airflow. Both empirical and theoretical data on dry grains are

available.

2.2 Empirical

Since 1948 data on the airflow-static pressure relationship of a number
of biological products have been published in graphical form in the American
Society of Agricultural Engineers' Year Book. These curves, now known as
"Shedd's curves'" are widely used and were adopted in 1948 as ASAF Technical
Data D 272 (American Society of Agricultural Engineer's Year Book, 1950.)

Many studies have inveolved development of similar experimental curves
for various products. Stirniman et al. (1931) worked with rough rice:
Henderson (1943) with corn; Henderson (1944) with oats and sovbeans; Shedd
(1945) with ear corn; Shedd (1951) with sovbeans, corn, oats, rough rice,
red cloves, and alsike claver; Day (1963) with crushed and noncrushed drvy
hay; Husain and Ojaha (1969) with rough rice; Calderwood (1973) with rough
and milled rice; and Agrawal et al. (1974) with rough rice. The use of
these experimental curves has a definite advantage in convenience, but the
accuracy of the pressure drop prediction may be poor because of insuffici-

ent consideration of the eftects of variations due to some Important facters,



such as void space and product moisture content. Shedd (1951) observed
changes in pressure drop of over 60% at the same airflow rate when the fil-
ling method was changed. Shedd's curves are for loose fill condition which
was obtained'by pouring grain into a funnel, the outlet of which was held
just above the surface of the grain in the bin. Shedd (1953) listed some
arbitrary correction factors based on judgment to apply to values from
Shedd's curves to account for variations in filling method, grain moisture
content, and foreign material in the grain. Practicality and simplicity
made the use of Shedd's data very widespread ameng grain drving and aeraticn
system designers even though the data are empirical and arbitrarv. Stephens
and Foster (1976) reported increases in bulk density and airflow resistance
for both drv and high moisture shelled corn in a bin filled by mechanical
grain spreaders over the beds obtained without spreaders. The same conclu-
sion was drawn by Stephens and Foster (1978) for wheat and grain sorghum.
Lawton (1965) noted that the resistance to airflow, depends on the tvpe of
seed and largely on the degree of packing and the presence of contaminants.
Thompson and Isaacs (1967) reported that a hizh grain test weight or bulk
density denoted a low percentage of void space. The reduction in void space
associated with the grain as it is dried probably accounts for the increased
static pressure required to move a given quantity of air through the dry
corn. Thompson and Isaacs found that the poresity (percent of voids or air
space) of bulk lots of shelled corn was influenced by differences in variety,
kernel moisture <ontent, amount of fine material, method of harvesting, and
method of drying. They found that the porosity of shelled corn increased
with an increase in the kermel mcisture content.

Several studies have involved attempts to fit equations te the experi-

mental curves relating airflow and pressure drop. Henderson (1943) used the



equation:
ol _
V =k (AP) (1)
where,
V = airflow rate, cfm/ft2
AP = static pressure drop per ft. depth, in. of water,

k and ¢ = constants.
Shedd (1933) algo fitted equation (1) to his data. He stated that a par-
ticular set of comstants k and c would give good prediction cver only a nar-
row range of flow rates. The equation assumes a straight line relationship
between AP and V on a log - log plot. Hukill and Ives {1955) proposad the

following equation for Shedd's data:

a V2

i « loge (1+bV)

(2)

where,
a and b = constants depending onithe preduct.
This equation can be used to express the relationship between velccity,
V, and pressure drop AP, with good accuracy throughout the range of veloci-
ties reported, by proper selection of the constants a and b.
Haque et al. (1978) modified equation (2) and made it applicable for

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

2
AP = -
P ClV +C, VvV +CyV (fm) (3)
where,
fm = fine material percent expressed as decimal,
Cl’ C2 and C3 = constants

- . 2 . -
and could be used for an airflow range of 15-75 cfm/ft”. While Hukill and

; ; oo g 2 ;
Ive's equation was based on a lower range of airflow (2-40 cfm/ft”), equation



(3) can be applied for a higher airflow rate. Bern (1973) determined an
equation to relate pressure drop to flow rate through a bed of corn. The
equation is:
AP =AVE+RV+C (4)
n n n
where,
An’ Bn’ and Cn = grain characteristic coeificients.

Bern stated that the accuracy of equation (4) for pressure drop predictions

is likely to be poor at the low flow rates.

2.3 Theoretical

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

tion is:
2 - 2
AP = 150 (1-g) uv " 1.75 (1-2) ov {(5)
o 3.2 3 dg
€7d g €
where,
€ = void fraction (dimensionless decimal) on volume basis
g = fluid viscosityv, lh:i%&
ft
d = equivalent particle diasmeter (diameter of a sphere which has volume
of the particle), ft
p = fluid demsity, lb/ft3
g = acceleration due to gravity, ft/sec2
APb = pressure drop
v = velocity, ft/sec.

The equation reflects all the independent variables on which the pres-
sure drop depends. Bakker-Arkema et al. (1969) and Patterson et al. (19?1)

extended Ergen's equation to cover agricultural products such as cherrv pits,
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shelled corn and navy beans. Matthies and Petersen (1974) developed a simi-
lar equation for different agricultural grains.

Application of these types of theoretical equations is extremelv dif-
ficult and as such Matthies and Petersen suggested the use of a simpler
equation given by:

AP = C ¥ (6)
where,

CO and n = product constants.

Thev found n to vary in the range 0.6 to 0.86. Equation {6) is similar to
equation (1). Agrawal and Chand (1974) used the basic premise of Navier-

Stokes' equation for airflow through rough rice. From a practical point of

view, their equations are also difficult to apply.

2.4 Effect of Moisture Content on Static Pressure Drop

Shedd ﬂ1953) fdund that the resistance pressure for a given rate of
airflow was less for corn at 20% or higher moisture than for the same corn
after drying to lower moisture content by using same method of bin filling.
Patterson (1969) reported that the pressure drop through corn increases with
an increase in moisture content, by keeping porosity constant. Muchiri
(1969) conducted tests with 8 to 287 moisture (w.b.) corn and found that at
an airflow rate of 8.93 cfmfftz, pressure drop does not vary with grain mois-
ture content if the fractional void volume is held constant. At a constant
bed porosity and airflow, Patterson et al. (1971) found that static pressure
drop for corn (15 to 25% w.b.) will increase with moisture, but will de-
crease for navy beans. This is not in agreement with the conclusion of
Muchiri (1969). Nissing (19538) werked with cotton seed to establish a rela-

tionship between airflow and the airflow resistance of the seed. He reported



that the amount of foreign matter and moisture content in the cotton seed,
the bulk density and the bed depth affect the horsepower requirements to
force air through the seed. Osborne (1961) studied the resistance to air-
flow with a bed dépth of 2 ft. and air velocities below 17.5 ft/min, such

as might be used when aerating stored grain. He noted that the results ob-
tained can only be taken as a guide to the resistance to airflow, as the re-
sistance will vary with change of bulk density which in turn is influenced

by moisture content, degree of packing, and the amount and kind of impurities
present. Calderwood (1973) mentioned that the moisture content causes a var-
iation in resistance in seeds but he did not specifyv what kind of effect the
moisture has., Jindal and Thompson (1972) repﬁrted that for grain sorghum

the pressure gradients did not change for 16.5% moisture content but some-
what decreased with 8.0% graiﬁ. Chung and Converse (1971) studied the
changes on physical properties of corn and wheat caused by changes in mois-
ture content related to both adsorption and desorption of moisture. Their
results were in agreement with the findings of Thompson and Isaacs (1967).
They indicated that there was more void space in wheat than in corn at the
same bulk density, due mainly to the higher true density of wheat. Brown
(1962) studied the variation of bulk da;sity of wheat, barlevy and cats wich
moisture content, and found that the bulk density decreases at higher mois-
ture contents. Aas and Time (1960) found that the moisture content effect

on the pressure drop is dependent on the grain and the meisture content range
being tested. Brusewitz (1975) found that rewetted barley, corn, grain sor-
.ghum, oats, rve, sovbeans, and wheat display a decrease in bulk density with
increasing moisture content up to 30%Z and an increase in bulk density at

moistures higher than 30%.



ITI. MATERIALS AND METHODS

3.1 Experimental Design

From a practical point of view, an empirical approach to the studyv is
more desirable. As discussed in the literature review section, the theoret-
ical equations need determination of many difficult-to-measure wvariables.

We do not intend to isolate the effect of grain moisture on the void space.
We will let the void space wvary naturally with the grain moisture for a par-
ticular bin filling method, because that is the type of situarion we encoun-
ter in grain storage. What the farmers control is the bin f£illing method
not the void fraction; they might use a gravity f£illing spout, a spreader,

a retarder, etc. If the filling method and air velocity remain the same for
the same grain with different moisture content, the changes in static pres-
sure drop caused by the changes in void fraction and surface characteristics
due to variation in moisture content, may be attributed to a single wariable,
moisture.

We conducted experiments with clean yellcw dent corn, grain sorghum and
hard red winter wheat all harvested in 1980. Four levels of moisture con-
tents such as moisture at harvest, moisture when dry and two moisture levels
in between were studied. The lower level of moistures were obtained by
natrual air drying. Each grain and each moisture were tested for seven dif-
ferent airflow rates. To minimize the experimental error, we obtained
three replications for each moisture level. We prepared 36 different beds

in all and tested each for 7 airflow rates.

3.2 Equipment and Procedure

The test column was constructed from 2.733 mm mild steel sheet =»olled
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into 29.9 cm diameter x 30.5 cm long section. The secticns wers connected
by flanges to increase or decrease the depth of bed as and when necessarv.
The total test bed was 51720 cm3. The floor of the test bin was constructed
of perforated sheet metal with 2 mm diameter holes, totaling 14% of the en-
tire flocr area. Three mm diameter 50 mm long copper tube pressure taps
were welded to the test column wall at 30.5 cm intervals beginning approx-
imately 7.6 cm above the bed floor by first drilling 4 mm diameter holes on
wall. the taps protruded inside the coliumn to make sure that air became
static at the tap. The plenum chamber consisted of a 91.4 x 91.4 x 30.5 cm
rectangular box made of 2.753 mm mild steel sheet.

Measurements of airflow to the test bed were made using a 25.4 mm throat
diameter ASME nozzle and a hook gage manometer capable of measuring up to
305 mm of water with a smallest reading of 0.0254 mm. A 25.4 mm of water
pressure differential across the nozzle corresponded to approximately 0.57
m3/min air. The flow nozzle was placed between the blower and the plenum
chamber with a 50 mn diameter plastic pipe.

The air was supplied by a fan equipped with a 1.119 KW (1% BP.) wvari-
able speed motor. We regulated the air flow with a dial tvpe controller.
Temperature and relative humidity of supply air were controlled by using
steam, electric neater and a cooler. The schematic diagram of the experi-
mental setup is shown in Fig. 1.

Prior to each test, the air conditioning unit was started to allow for
the temperature and relative humidity of the supply air to settle approxi-
mately at 26.6°C and 65% R. H.

The test bed was filled by a loose fill method as described by 3hedd
(1953). We poure¢ the grain into a funmel, the outliet of which was held

just above the grain surface making sure to raise the funnel gradually as
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the filling progressed. The depth of the test bed was 73.7 cm. The section
fixed for measurement consisted of a 61 cm portion with the first measure-
ment taken 7.6 cm above the bottom of the test unit.

The grain was cleaned before each test by using a cleaner. The aver-
age size CalCUIateE_EZ_EEEEE_EEE_EEEEEEEE—EEEEEEF (Henderson and Perry,
18976) was(;zggmm, 3.3 mm and 3.2 mm for corn, sorghum and wheat, respective-
ly. After filling the test bin with cigggﬂgzg;n, the blower was turned on,
and the desired dial reading to centrol the airflow was set. Pressure dif-
ferential across the nozzle was read from the hook gage manometer for cal-
culating the airflow volume rate. Then the static pressure drop across the

61 cm measuring section of grain bed was read by the same hook gage mano-

meter after properly closing ASME nozzle taps. These procedures were re-—

peated for all the 36 beds. Pressure data are presented in Tables 1-9,
under the Results and Discussions sectiom.

For the determination of the veoid fraction, the bulk and true densi-
ties of each grain were measured for all moisture levels. The moistures
were obtained by rewetting and drying the grains. Standard test weight
apparatus and the_fEEEEEE_EEEEEEEEEEFt method, (using 50 cc toluene, 43 gm

grain sample and 100 cc graduated cylinder) were used for the measurements

of bulk and true density, respectively.



IV, RESULTS AND DISCUSSIONS

Static pressure drop data measured by the hook gage manometer faor various
‘moistures and airflow rates for shelled corn, grain sorghum, and whaat were
tabulated in Table 1 through Table 6. We replicated the beds three times for
each moisture level. However, it was not possible to keep the moisture ex-
actly the same for all the three replications because we used the same lot
of grain which lost a veryv small amount of moisture during test run and han-
dling. The variations in moisture are so small that for all practical pur-
poses, we can consider the three tests as three replicatiomns.

The static pressure drop data for each replication and four levels of
moisture on each commodity were plotted on log- log graphs (Figs. 2 thrcugh
10), For the purpose of comparison, Shedd's data (1953) were also vlotted
and marked as Shedd's curve.

Fig. 2 shows that all the curves run almost parallel to Shedd's curve
for corn at 12.4% moisture.' The experimental curves for all moistures are
to the left of Shedd's plot which means that high moisture corn displavs
less resistance than dry grains. This trend persisted consistently over the
range of moisture tested. OCur data for the lowest moisture level was some-
whar less than Shedd's but were very close. This observation is sxpected
because our lowest moisture was a little higher than Shedd's and confirms
that our experimental procedure was accurate and reproducible. Figs. 3 and
4 display the same characteristics.

Figs. 5 through 7 for grazin sorghum and Figs. 8 through 10 for wheat
also show the same trend as corn.

For the purpose of minimizing experimental error, each of the seven
air velgcities and the corresponding static pressure drop and moisture read-

fngs of Table 1 through 6 were averaged over the three replications for each
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commodity. These average data for corn, sorghum and wheat were plotted on
log- log paper as shown in Figs. 11, 12 and 13, respectivelvy. We can con-
clude from these plots also that the static pressure drop decreases witnh the
increase in grain moisture. The reasons for this will be explained later.

Seven levels of air velocities were accomplished by seven different dial
settings of the controller. It is seen from the data (Table 1 through &)
that even for the same dial setting under different grain moistures, we could
not attain exactly the same air velocities. This made it difficult for us
to analyze the data statistically. To overcome this difficulty, we read
from graphs for corn (Figs. 2, 3 and 4) the static pressure drop data corres-
ponding to a fixed set of air velocities such as 0.041, 0.061, 0.086, 0.107,
0.127, 0,152 and 0.203 m/s for three replications. These pressure drop data
and the moistures were averaged and tabulated after truncating for simplicity
(Table 7). Similar tables were created for grain sorghum (Table 8} and wheat
(Table 9) for air velocities 0.015, 0.041, 0.061, 0.086, 0.107, 0.127 and
0.152 m/s.

The first two columns of Tables 7, 8 and 9 represent the values of the
independent variables, air velocity and moisture content., The last column
gives the values of the dependent variable, static pressure drop. These data
were fitted into a nonlinear regression model arrived at'by judicious selec-
tion. By analyzing the trend in data and plotting AP against moisture con-
tent for a few fixed velocities, we suspected that the relationship between
AP and moisture could be linear. From our extensive literature review, it
was obvious that the pressure drop equation involves a linear and a seccnd
order term in V (Ergun, 1952; Haque, 1978). So, the selected nonlinear re-
gression model was of the form:

AP = AV + B.YZ - C.V+{M.C) 7)
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Table 7. tatic Pressure Drop Data for Shelled Corn Read from
Figs. 2, 3, 4 and Averaged.

Air Velocity Moisture Content Static Pressure Drop
v Average of All Rep. AP
(m/s) M.C. (pa/m)
(% W.B.)
0.041 23.3 23
0.041 19.8 30
0.041 16.3 34
0.041 12.7 39
0.061 23.3 41
0.061 19.8 53
0.061 16.3 61
0.061 12.7 69
0.086 23.3 69
0.086 19.8 88
0.086 16.3 103
0.086 12.7 106
0.107 23.3 88
0.107 19.8 121
0.107 16.3 129
0.107 12.7 136
0.127 23.3 120
0.127 19.8 158
0.127 16.3 174
0.127 12.7 190
0.152 23.3 158
0.152 19.8 207
0.152 163 228
0.152 12.7 248
0.203 23.3 245
0.203 19.8 324
0.203 16.3 356
0.203 12.7 392




Table 8. Static Pressure Drop Data for Grain Sorghum Read from
Figs. 5, 6, 7 and Averaged.

Air Velocity Moisture Content Static Pressure Drop
v Average of All Rep. AP
(m/s) M.C. {pa/m)
(% W.B.)
0.015 25.3 21
0.015 20.5 25
0.015 17.4 27
0.015 13.1 29
0.041 25.3 75
0.041 20.5 83
0.041 17.4 101
0.041 13.1 105
0.061 25,3 120
0.061 20.5 137
0.061 17.4 152
0.061 13.1 170
0.086 25.3 190
0.086 20.5 211
0.086 17.4 233
0.086 13.1 264
0.107 25.3 248
0.107 20.5 258
0.107 17.4 283
0.107 13.1 340
0.127 25.3 318
0.127 20.5 343
0.127 17.4 375
0.127 13.1 430
0.152 25.3 408
0.152 20.5 441
0.152 17.4 479
0.152 13.1 535




Table 9. Static Pressure Drop Data for Wheat Read from Figs.
8, 9, 10 and Averaged.

Air Velocity Moisture Content Static Pressure Drop
v Average of All Rep. AP
(m/s) M.C. (pa/m)
(% W.B.)
0.015 20.7 26
0.015 18.0 32
0.015 15.4 40
0.015 12.4 45
0.041 20.7 82
0.041 18.0 98
0.041 15.4 118
0.041 12.4 133
0.061 20.7 133
0.061 18.0 160
0.061 15.4 193
0.061 12.4 216
0.086 20.7 203
0.086 18.0 239
0.086 15.4 299
0.086 12.4 329
0.107 20.7 267
0.107 18.0 291
0.1C7 15.4 389
0.107 12.4 406
0.127 20.7 337
0.127 18.0 389
¢.127 15.4 512
0.127 12.4 550
0.152 20.7 433
0.152 18.0 495
0.152 15.4 648
0.152 12.4 686
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where,
AP = pressure drop per meter depth of grain, pascal
V = air velocity, m/s
M.C. = grain moisture, % w.b.

and A, B and C = product constants.

This model fitted very well with our data, the square of the correlation
coefficient, R2 was above 0.99 for all the three grains. The computer pro-
gram for the statistical analysis and the printout are furnished in the
Appendix I. The wvalues of the constants A, B and C for corn, sorghum and

wheat are given below:

Corn:
A =1611.719
B = 4949.301
C = -55.116
Sorghum:
A = 3253.100
B = 7911.272
C=-72.521
and Wheat:
A = 5573.950
B = 9634.595

C = -200.283.
The computer output also compares the observed and predicted values and shows
a very good agreement between them.
We also tested the validity of equation (7) by using velocities and
moistures from Shedd's (19%53) curves. Predicted values for both corn and

wheat agree very well with Shedd's, however, for sorghum some smallvariations
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were observed. This.variation can probably be attributed to differences in
variety (Table 10).

We tried to develop an equation relating AP with void fraction rather
than the moisture content with the hope of making the equation independent
of the product. To accomplish this objective, we measured bulk and true
densities of the commodity at different moisture levels. The void fraction

£ was calculated by the equation:

(8]

e =1- B (8)
P
T
p < 3
where 3 = bulk density, kg/m
and p = true density, kg/m3.
T

Tables 10, 11 and 12 show tHe average of two readings of packing factors
corresponding to different moistures for corn, sorghum and wheat, respec-
tively. We ;sed a similar equation as (7), replacing moisture content by
void fraction:

_ 2
Ap = aV+bV e Ve (9)

where ags bo’ e, = constants.
Void fraction very vell replaces the moisture content (M.C.) provided dif-
ferent sets of a,» bo’ and c, are used for different grains. Our attempt to
fit data of all the three commodities into equation (9) and similar other
equations, failed to yield a single set of constants a_, bo’ and s for all
grains. So, we decided not to replace moisture content by void fraction
because this will not serve any useful and practical purpose and the concept
of void fraction is much more complicated than moisture. The attempted mod-
els and the computer princtouts are shown in Appendix IT.

However, from this analysis we can explain why the static pressure drop



Table 10. Pressure Drop Values Calculated by Equation (7) Compared With

Those Read from Shedd's (1953) Curve.

AP (Pascal)

or

/o

Read from Deviation
Moisture Shedd's Cal;ulated from
Commodity Content Veloeity (1953) g Shedd's
% (w.b.) m/s curve AP=AV+BV -C(M.C.)V  Value
.0508 57 60 +5
Corn 12.4 .1016 147 145 -1
L1524 261 256 -2
.0508 147 137 -7
Sorghum 13.0 .1016 351 316 -10
.1524 588 535 -9
.0508 196 196 0
Wheat 11.0 L1016 441 442 0
L1524 735 737 0

Table 11. Bulk Density and Void Fraction of Shelled Corn as Affected

by Moisture (Average of Two Readings).

Moisture Content Bulk Density True Density Void Fraction
Average of Two
Readings Py o &
M.C. 3 3 (expressed in
(% W.B.) (kg/m™) (kg/m™) decimal)
23.4 698.41 1208.08 0.42
15.5 774.01 1260.52 0.38
15.7 776.25 1256.10 0.38
12.0 : 784.26 1249.97 0.37
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Table 12. Bulk Density and Void Fraction of Grain Sorghum as Affected
by Moisture (Average of Two Readings).

Moisture Content Bulk Demnsity True Density Void Fraction
Average of Two P ' P
Readings B B =
M.C. 3 3 (expressed in
(% W.B.) (kg/m”) (kg/m™) decimal)
25.1 723.23 1251.71 0.42
20..5 732.84 1249.97 0.41
16.7 776.58 1272.98 0.39

13.3 784.90 1285.69 .39

Table 13. Bulk Density and Void Fraction of Wheat as Affected by
Moisture (Average of Two Readings).

Moisture Content Bulk Density True Density Void Fraction
Average of Two P P
Readings B B .
M.C. 3 3 (expressed in
(% W.B.) (kg/m™) (kg/m™) decimal)
20.5 708.82 1287.53 0.45
17.5 745.82 1285.67 0.42
14.9 777.22 1311.97 0.41
12.3 804.13 1311.88 0.39
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decreases with the increase in moisture content. From Tables 11, 12, and
13 it is apparent that void fraction, £ increases and bulk density, QB
decreases with grain moisture. So, we can expect a reduction in resistance
to airflow at higher moistures. The second possible effect of the mois-
ture is on the surface characteristics of the grain. We think that the
change of surface characteristics due to higher moisture content tends to
increase the resistance to airflow. But the effect of moisture on bulk den-
sity is more prominent than on surface characteristic and results in a net
decrease in statiec pressure drop at higher levels of moisture.

The effect of particle size, shape and surface characteristics seems

more pronounced than void fraction.

4.1 Energv Saving

Present practice of designing aeration svstem for high moisture grain
storage on the basis of Shedd's data is arbitrary. If the design is based
on dry grain, one will end up with a higher power requirement than what
our study shows. To substantiate the point, let us consider a 7.315 m dia
x 10.058 m high farm size grain bin with perforated floor. The bin is
filled with 20% moisture (w.b.) corn and aerated by 0.4 m3 of air per m3
of grain volume.

Calculations:

T 2 2
Floor area = (Z) (7-315) = 42026 m

3

Grain volume (42-026) (10.058) = 422.698 m

(0:4) (422°698) = 169°079 mB/min

Airflow rate

Air velocity = 169°079/(42:026) (60) = 0-067 m/s

[l

.From Shedd's data, AP = 90 Pa/m for 0.067 m/s air velocity. It is custo-

mary to increase Shedd's pressure drop data by 50% to account for pacxing
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in corn. So, total design pressure drop = (90) (1-5) (10-058) = 1358 Pa
which means we have to have a 10-84 HP motor. This type of HP is not com-
mercially available, so we have to select the next higher size which is
15 HP motor (11°19 Kw).

On the contrary, if the design is based on our data:
total design pressure drop = (59) (1-5) (10-058) = 890 Pa,
A 6.9 HP motor will suffice but we are required to select the next available
commercial size motor which is 7% HP (5°595 KW).

Considering that grain is aerated round the clock from October 1 to
March 31 with $0.05/KWH electricity, the expected saving will be 51,222,

As power requirement increases linearly with the static pressure drop,
we can expect, in general, at least a 347 energy saving for this situation.

However, the energy savings will vary at different airflow rates.
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CONCLUSTIONS

We can draw the following conclusions from this study.
1. Static pressure drop in grains decreases with the increase in moisture.
2. The statistical model: AP = AV + BV2 -C (M.C.) V
adequately describes the relationship between the static pressure drop AP
and grain moisture conten; (M.C.) and air velocity, V.
3. AP = aOV + bOV2 - COV'E also describes the relationship between AP and
void fraction and air velocity.
4. The result of this study is expected to help designers in conserving
energy for high moisture grain aeration systems.
5. This study will enhance our knowledge about the effects of moisture
content on the static pressure drop in grain.
6. Effect of particle size, shape and surface characteristics seems more
pronounced than void fraction. For this reason, wheat exhibits much more
pressure drops than corn e%en thougﬁ void fractions for both commodities
remain almost the same.

We hope the result of this study for post harvest high moisture grain

preservation will be very useful.



=
(V5]

REFERENCES

Aas, K. and K. Time. 1960. Resistance to airflow in drying plants for grain.
Research report no. 5, Norwegian Institute of Agricultural Engineering,
Vollebekk, Norway.

Agrawal, K. K. and P. Chand. 1974. Pressure drop across fixed beds of rough
rice. Trans. of the ASAE 17(3): 560-563.

American Society of Agricultural Engineers. 1980 ASAE Yearbook.

Bakker-Arkema, F. W., R. J. Patterson, and W. G. Bickert, 1969. Static pres-
sure-airflow relationships in packed beds of granular biological material
such as cherry pits. Trans. of the ASAE 12 (1): 134-136, 140.

" Bern, C. J. 1973. Effects of auger stirring on airflow resistance and other
physical properties of corn. Unpublished Ph.D. thesis, Iowa State
University, Ames, Iowa.

Brooker, D. B., F. M. Bakker-Arkema, and C. W. Hall. 1974. Drying cereal
grains. The AVI Publishing Co. Inc., Westport, Ct.

Brown, D. A, 1962. Variation of the bulk density of cereals with moisture
content. J. Agr. Engg. Res. 7(4): 288-290.

Brusewitz, G. H. 1975. Densitv of rewetted high moisture grains. Trans. of
the ASAE 18(5): 935-938.

Czlderwood, D. L. 1973. Resistance to airflow of rough, brown and milled
rice. Trans. of the ASAE 16(3): 525-527, 532.

. Chung, D. S. and H. H. Converse. 1971. Effect of moisture content on some
physical properties of grains. Trans. of the ASAE 14(4): £12-614, 620,

Converse, H. H., D. B. Sauer, and T. O. Hodges. 1973. Aeration of high
moisture corn. Trans. of the ASAE 10(4): 696-699.

Day, C. L., 1963. Effect of conditioning and other factors on resistance of
hay to airflow. Trans. of the ASAFE 6(3): 199-201.

Ergun, S. 1952. Fluid flow through packed column. Chemical Engineering
Progress. 48(2): 89.

Foster, G. H. 1967. Moisture changes during aeration of grain. Trans. of
the ASAE 10(3): 344-347, 351.

Haque, E., G. H. Foster, D. S. Chung, and F, S. Lai. 1978. Static pressure
drop across a bed of corn mixed with fines. Trans. of the ASEA 21(3):
997-1000.

Henderson, S. M. 1943, Resistance of shelled corn and bin walls to airflow.
Agr. Engg. 24(11): 267-269, 274.



44

Henderson, S. M. 1944. Resistance of soybeans and ocats to airflow. Agzr.
Engg. 25(4): 127-128.

Henderson, S. M. 1958. Air pressure reguirements for tunnel system deep-
bed grain drvers. Trans. of the ASAE 1(1): 9-11.

Henderson, S. M. and R. L. Perry. 1976. Agricultural process Engineering.
The AVI Publ. Co. Inc., Westport, CT.

Hukill, W. V. and N. C. Ives. 1955. Radial airflow resistance of grain.
Agr. Engg. 36(5): 332-335.

Husain, A. and T. P. Ojha. 1969. Resistance to the passage of air through
rough rice. J. Agr. Engg. Res. 14(1): 47-53.

Jindal, V. K. and T. L. Thompson. 1972. Air pressure patterns and flow paths
in two-dimensional triangular-shaped piles of sorghum using forced
convection. Trans. of the ASAE 15(4): 737-741.

Lawton, P. J. 1965. Resistance to airflow of some common seeds. J. Agr.
Engg. Res. 10(4): 298-300.

Matthies, H. J. and H. Petersen. 1974. New data for calculating the resis-
tance to airflow of stored granular materials. Trans. of the ASAE 17
(6): 144-1149,

Muchiri, G. 1969. Resistance to airflow through shelled corn. Unpublished
M.S. thesis, Iowa State University, Ames, Iowa.

Nissing, T. J. 1958. Resistance of seed cotton to airflow. Agr. Engg. 39
(3): 160-163, 165.

Osborme, L. E. 1961, Resistance to airflow of grain and other seseds. J.
Agr. Engg. Res. 6(2): 119-122.

Patterson, R. J. 1969. Airflow pressure drop characteristics of packed
beds of biological particles. Unpublished M.S. thesis, Michigan State
University.

Patterson, R. J., F. W. Bakker-Arkema, and W. G. Bickert. 1971. Static
pressure-airflow relationship in packed beds of granular biological
materials such as grain-II. Trans. of the ASAE 14(1): 172-174, 178.

Pierce, R. 0. and T. L. Thompson. 1975. Airflow patterns in conical-shaped
piles of grain. Trans. of the ASAE 18(5): 946-949.

Shedd, C. K. 1945. Resistance of ear corn to airflow. Agr. Engg. 26(1):
19-20, 23.

Shedd, C. K. 1951. Some new data on resistance of grains to airflow. Agr.
Engg. 32(9): 493-495, 520.



-~ Shedd, C. K. 1953. Resistance of grains and seeds to airflow. Agr. Engg.
34(9): 616-619.

Stephens, L. E. and G. H. Foster. 1976. Grain bulk properties as affected
by mechanical grain spreaders. Trans. of the ASAE 19(2): 354-358,
363.

Stephens, L. E. and G. H. Foster. 1978. Bulk properties of wheat and grain
sorghum as affected by a mechanical grain spreader. Trans. of the
ASAE 21(6): 1217-1218, 1221.

Stirniman, E. J., G. P. Bodnar, and E. N. Bates. 1931. Tests on resistance
to the passage of air through rice in a deep bin. Agr. Engg. 12(5):
145-148.,

Thompson, R. A. and G. W. Isaacs. 1967. Porosity determinmation of grains
and seeds with an air-comparison pycnometer. Trans. of the ASAE 10
(5): 693-696.



APPENDIX I

ATRFLOW CALCULATIONS AND REGRESSION ANALYSIS

45



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



47

Db T " EhsRS LOHMTI 02T il e dy 67T 2= i 120 - ud BHGYO0AL G140 /R T"
R T B TR R A R VTR PL TN IR B PYVINEVR Pl B IR O B LRI I EM PO RV B S e P LT
HIEUTU s B2 ONIRO " O=nl GO D=dN wIT0O1" 2]
LR 09=kd" Qo oulyD 0wl %1000 Sy %i670] =,
A0 BdS E9V 2SI 070: 0l HY 0

TER Y14 I P P DIETA B I Bl (T AU A SRR T [P " B REY S TR B T
VU bHACI TR S bOSEE 0 R0 T WD g AURLZLETO=A IREL AT - 4D
I 9 0= 9V ERTULT0: THE S b v G i LG "0 ) 20061200 Geddd u=h L0480 17 2 rii
WogeEtt-de v d 2o IROTO1E BEGY s PAPGOGHT0: 0T Vv USSATHT 204 R D21 =R 2001 20240
SOSERLET g D 9O TOEN YH A T0L s VR SG0L TRy it SN0 (01 AR =0A ST OEA S el 1 =ab
GY e skdy I NIFOR0 0D SO0 - dG FHUGIA 6 -2 40 Sl 0=id 2HS3 100 0 LI b0T6 = JOAEISA0 -0 915G 21 =t SOELES S =N SuRYd Y " :ul
GIYCOF —ld S CHLECOSC RS G0 0=dS ZHTLOHG=S N 21D 00 0G0 0 T H 29600780 21 B 2he 6”000 12100 LE IGO0 G=A Seveds ) -un

GI 0=k FORZEYH0 0RO S240°0C=dy S0 6/ 00 ¢S 1 0 d Ennanb s bIU Gt GE =HM SELDG060 00 E0T ¢w 2] =0 <021 0=A 2IH6YL "V :40
21RO cAdS VORAZCOHTED FINT0 S SEIRIGTY 10 NG 020d 2106291060117 ¢eea0Gl=HN J0MGTAT O VT2 Ghu% <(hd S56IHY d=A TUStIn -0

ALt =udy IHCHE 7 U B0 S oEbaIG h=al TG ETINLLED O 11 222050 =114 [ %2 vni6 D-U0 62 diba=ul F2LEM "Z=A S HOL " -1

ETY0T =k S Tod2RIZ00  hb F 100 -ds G990y "= 240 10O ad €871 TRE LUt “wl=0M SQELOGIR0=0 FOT@9el =00 700121 0=A (2182 v=-1R

UV YE

N ORIV =0 R STUD WS LD =2 ah 12t S P00 1= S 12 O 1S e
LLUves UL O O =D ke

e = Mg =M 20D =0 =A=HD Lhd 43

Tl edS =udS 1

1HOM0D" 9 AL=WD MR

. thut NN =240 4¢
L0105 DL ud NIAL TGoT> 110 gl a¢

TONZ (MM D SHY =140

LR VAT )

LU0 Ui a0S 2218 " 2ty d0™ TellDuhht =HM
= tuniun

alUA LD b 0S0C00 LI IH O DN e GHLI O = LUAIID e YHE S 1 =1 961 " =01 'y
EQTO000"F019¢ "sA=GU (€4
PLyhahi-M 12
SHIETI/N=A fhnvas he
Tlradd = dA0 POEANE-dd ) Yudi bl = 3y 3l
1= d1
fddd Lul bl-8 oS -1 ud 1ndN1 (R
. N0 viIvo ba |
THIUHNN dd04 » 3l
ApenIS1G 10 S 0=a) » b1
Tl 13 SV D45S3ddx ) 49vINSDIUdd= VI @ (W]
MIS /L d=N 2 21
CHALAY)E vy MO LY UV InIdIvd=hM a [ W]
Cdnsuny tvd MO Mdalv=Y & |
IS /AR=RO # 3
WD JI1IVINIINI=HO 4 i
T EF R BT VI ]
Cd 1IVM 17 M) NTTED TR dunSSTda=ndd #
CHALVM T R MDA 0400 Junssadd=ud »

1

7

M

Hi1D-0a L]
1 IVISYd) 3NS5 dud DTAVAS=4dS # 4

(HAYM 1) *NL) TunSSTmd J1IVIES=dS » Z

tuh/d 1) 1Tivd MOTIdly SV INDIv) vddadd SIHL « |
CRASES T WD SNITLINHESN T NOLIV EIWISNT 418
TESMANSYSIIDHNIDS *S VS = 1WVNSO 25T
SHE TN LW R A0UW 1L ANHYHD DI
Il NMAGKINYIW

AN U1IVIdIN Hu HHS 39S S W STHL
ST AIN0S ST OSMAN SEKOT L0 M

A% Sd e vl 1OV SS A HE ST ST 240

SALTSHIATON DIV ES SYSNVA BV SYS WD VR ISV VTG A B Wt N Ad SV a%e 10008 600 it TLIN

OHLL *%T 410w JAUH "AviHIP g fre

Bl LS A SE S AU Y v FY 2 1S 1LYy 1

NOLLYTNYIVD MOTJYIV d0d WVADOUd



~t

(il

vl

d Nin 1A°IY

PAYOIHA b

vl

*ALISHIALND

[ T §

T1s1¢ *I*N ‘anvD

(VAT
211D
Shel 1ED1TISNY

ULk SI0vd UMINDYD ORY NOYL NV SONUMS 291 23SN LiCkd 34000300

Pat AN OHISH Ty rWd S sAdSH o= Dk aWd S 10 1d
PO/ asesDdendSd sz dHedS LU0 DUde

N1 SA9vd JALNIYG ONY 6L UNY SONDDIS 02°1 0050 WD JaDlE Nnd

L 34L]
5vS
SVSs

AH

-1H1

THAL/SHD L1E CSATAVIEVA ! ONY SHUTIVAY ISHO BE SVl MINTWHOM 1S v v

PHASHETIVOOLSHY WdSa=00121038d MIN=IND 1IN0
EWID d INIONZ WASIW  WAsWA WA =AdS 1HdNW
SWY DU

TAUST ONY SONDTIIS bR 0 O4SH INAKILVIS viva

CTAGLZSU0 ey CSATUVEAVA S ONV O SNOPEIVAHISHLD Be SUH Mdvaa*Mdim 115 vivu

. tsuava
tHEGO0 *0s A=A
tH 9T HadS TS
A W dS 1AdNL fIvED viva

TANSESTY WvnOHd SNYLEINALSNE NOBIVTIVIESNE
TUSMANISYS I IDUNDS T VS
UL S aadddd W

AVNSU S
L BONYHTY )

Ads
N}

XAl VN GONINY W

JWIS AV LIV A NS 3DVYSS W STHL
SHATIIY IS STOTMUN SNOLLJAU NAHIM

A0S el kv JavsSad dHE ST ST

JAVES SVSNV LY SWS N VECOL ASVEIIE w0 uod NTEHH SVYIE TSLT 000V wor

I 5 2 1v NV TV 2L s vos

SISATVNY NOISSHYOIHY ¥0d wWYHD0dd

LYY

)1

SILIN

$3i0n

LA LIN



49

CHB 1

FIRTAFa N
[ A
IR LA
L L
[ R4
[T T4 B
117216%y
(AR X34 B
?A.-\?GA-‘
1hett
[T LA %
ufr eyt e
| WL VR %
tlou%*s
OhEBUTY
LHHERNHTY
LR LN B ]
hylin i
(AT IF B Ra's
thentrts
Gruoh g
thev0th
L OY Yy
Lepntty
L2 N
Clews "

Wd5 1

0
0
0
-0
it

-

- -

“hulse
L R T
LR
BELARI
TANNY

[ LA ]
UTITETTT (RS S
Shi Wl ¢
[GL K
1neuest
1yl ™t
THI 9%
HLHOLTY
EWEL"L
bHELT
et
GULLY "1

198l "o
LT Y
Hi10% "y
Yuf el tr
VIV RV s
YHYHZ T
(AT AN |
Bahll"(
THG Y
Gla0% g
RRE e B
[ATE Y B 4
Tis62 ¢
[J4100 ER |

2101

FA L AT
BhE* ¢l
[TH I B4l
hetl TGt
st il

LU R
PR B
Gebi'® e~
KNS T
[ NE N
Yl o~
hed 15T -
£HY T -
GEHDO" 7 -
Ut u* g -
L0 -
HebLeth -
YO0 -
Pl T B
[l B
LA R O
LL?LT S -
W2t -
LA WAL
HZ00 N -
P Wil
LR L
Hor=2z-
[LF R A R
L1 8
[Ira 23 B

Jds

LY s "
yGuL*
410"
Loih”

Lhhp "

Nrr tnl
R P AL}
ekl
FRTH B 11
okt
ful=i0t
IR 4T
HY N R |
HGE 601
PR
YO0
/TN TR B
Gl uhd
eV
Ledm1al
Oye gL
[ 1 T
G2 0¢
TR R |
sle*6Hee
JYE"Ot e
Elb"iul
thl* bl
Pt LI VL
H19° 0L
tleol

Wds

ul Ol

| IRV A N |
1] Ehut" 11
s LEt6*y

! taél

YT LN I
LELOLT"D
Tys0D0"D
PP E T O
PEvHI0tD
2HIwed =0
LLHGTm0
U B
621170
EHhicu0™n
F54040%0
HUreeut0
Tant et
LELIRTD
LGubktg1*n
Z15911°0
D6y LND*D
RASTUIVEN V]
tieEZ20*0
1652280
Lisiibl=0
tults1°0
ST 0
LORIBO®D
12i040%0
ThHZEDtD

W1

e

"z

Wi 16" | -
LT (A4
Uh1G" 2~
[ RN VA
bhiyh "y -
tahb®] -
VLD B Ad B
Tere®y-
12%1°Z2 -
PRI RS
Iwyh 7
LORY L
[REYA B
[T FA A B
1wt |-
534172~
ety ¢ -
Yonbt e~
(AR Rl
HENG* 1 -
ENA R B
P VR TR B
L4 e
YelG2 -
tddh 2~
wZiite-
Wl
[ I I 4 nln*9s BIZEOG
LY N | 16621 ELZityn
UL AN T N | 1617 ¢n 12084uh
%169 944 1€ tJHLEH
ingss? geat 11 1592146
Yelotyf YeLt9yl Eidn9h
bles*HT QOTHS
AL (R 162%96
[T E R | HRER S
Zint et PePlGh
AN 160 LTA R K1)
Dauy *f [ATAL TS | PETE IR
FA R 7ol ) LT US| 618696
plrrreng tvemdll LIL29G
Hhyt "l LT1%*001 $20H96
CATE S 8 | frEt 9l 092650
Lowbe=21 QLAETLY £E26¢6H
sedlvtt ful=2c 4L
(AR 1 rOEgl GLELh
Yo/ ey PE9TGH | (YA TH
Gvle*nd fun 62l 1ibuve
creltze s ool 16619t
T | 1T1E°6GY wlunst
D B | [0 R 2 It dnt
gyt Y%t
AN LA Ardalf
He 1n)
AT MTUWIADM *AVOIND HYi el

"0
“C
‘0
‘0
"0
N
o
"0
*0
]
‘L
-0
"o
Q0

Sy 9ny
"LhbhHYy
"Ou%iE
"O04HZ
"s1Zve
BLEARa!
"0144

THRGYY
1061y
TLBLLE
"14%H2
Ts0l0e
"RU1Z1
"thYy

0 “ledhy
0 "HHEHY
"0 [ FAWEY
"0 [ B2 TS
"0 dtiebol
" 0" treel
ot AR RV AN

SN TS T T O

L

-~

L

L I T Y

[SNRA LY}
[AXAEUN |
Ly oul
Tes=9¢
D6ET Y
062°vt
L] |
[4 1] |
LAY T A |
1% 001
bEY YL
YOah LY
e ¥ e
10¢ "4l
Fetsyl
OEutall
ot
KR A1
AR 3
| I O
MG |

Ll

Tis Ay

NJ0)d ¥0d SNOLILVINOTIVIY MOTIEIV

huld*hwd
W= 12
[BITR-R N
eyl
1696 °H
(AR LR
tevh s
ten s we
U= 1e
ERFE R R
[/ T |
LoIb 6
G104 "4
LR Ry
hy D Y Y
Tisy=1¢
Y5t el
holy 7]
Tet =9
t —-N-\Iﬂ.-

[N LA
n

NV

1

v

- — -

LétZ et
Tles 6¢
T9CH" ¢
tose Ll
Lole=¢21
Yeoatd

HLGE*

EOATANE
116l
26l
IAAURI R
Ieuztel
22evti

LoGe ¢

[(RRIRAN
Whav 6
(FAF Ry
oHID=L 0
eyt
VTN

HE TR R

—— A, PPN R R YR, Mo e

v dhd

Iy

LIRS
FRIR'Y I B
LYGH Y]
nLhe "t

Gi09*

LILFS B A
HL91 0
MuhZTot
(BTN VRS 3rs
L0l
Yleh "6

RIS LR

VIR Yy
Bk i
LIttt oy
caatL e
SREL D
by *
FRTIL R

LY 1 5 B B
LOID " bk
(VRS B 13 3
GhYh " e
HERVE RaP |
96160

HidY Y

2
é
2
Z
4
1
1
1
1
1
1
i
1
1
I
1
|
1
1
1
i
1
1
|
i
i

Ll

PRV N B ATTT) BT
RIIZwvulol} "y
19110%0000" 0
GUESHLYLLOD*D
Alcl¢yuduto
HYEOTLZ0GUN" 0
Yoot (020
| A T TP T o 1) R o)
LEELEY LOOO U
HOIS6L 00000
ZLELunLO0D-0
PIGH5G000 0
YHILZZ20000"0
9LV Y000
tHiNZ0000 "0
FO6LE OGN0
CLIDHe I
I%0¢ kv Luno o
R9GG950000° 0
F0LEACLOVNTO
SHLO YO0
PHIOYHL L0 T U
LGESYRCOUDT O
S6ZHLECGOII0
Le6luy0600 "0
EEILYSO00D" 0

144
GYLetn sl
IO B 09y tu
vioi*o L6580
(U3 ] Y10
4510°0 02o-o
YRR 1] [P 4
S6L0E*D T )
G0 [{UFA |
0%t 10 el
L6410 YE"D
LT R gm0
G100 0t0*0
019€°0Q, LT A4
Ov6LEZT0 S0 2
GLH1*0 961
L0L1°0 (W ]
0ii0mQ CEETD
[ 2R 1] vl o
%100 A RV V]
DIYE*O [N PR
sLid "0 1l
L BN LY 2 |
17170 v1EtQ
s¥i0TC Y0
LIt cvi=n
ue D" el u
(139 Ha

—_—NE A D~ T

SHn

9
“e
T
e

12
[\F4
61
Wi

91
61
vl
€l
21
11
ol

—AN N D~ T

St



GHLGL Y
LAN B ]
tat vt
GEOLHTG
flovety
Lfeve s
L1606
QUAGLY " Yy
YEIGETE
wrise
HlEveTYy
YOty
12076 %y
bELOLT™
Huley "y
fingeti
REW T e
GEaln e
LA ¥ A
1991¢ °g
voronty
Dl P Bl
cHO1LTE
RATIY 4
sulaLTg
Iviay~g

WS

Y
"0

>

HHEY]L "¢
fubbhl
UL |
AT AN I
HEP0YE
kleut "t
GV
R ¥
Hiwies?e
ILBUE 1
Gidhity
ClroInte
LRI 1
w10t
ottt &
P LT s
CEYR A |
LT |
S9119°%¢
0109 "t
wl?ilo®t
I

(LA Fiad
1964451
ehahltt
PUES )

FAE VR |

“Ur 7ol
“HILLT

L%9° 1%
Oatted

Cunl*d-
it
L33 B Bl
ukGs g (-
r\-tw; _vOUI
DeéL -
LRTCY R B
06udlt -
hyyh* -
Cldi=t -
PR T RV
bhsh -
LCATR "
GINL*1-
Ovlete-
299h" ¢ -
fleh e -
T B
HHUL 0 -
EHHE ] -
IR Tl Il
N
R
ClFLE~
oLnfiD-
sLotI-

a5

dedhty
L4 (]

Ol
ety
SJv 1 tal
AN R ATE
161yt
flob “HDE
CChTukl
RINRT
[wu=e¢y
e
9TA bt
LAY N9
Ho4L v
200 vel
Hilh* vl
ER A4
née*uli
wGU 14t
TuZ *t0L
2L the
L TRR 8 |
vdd"bu
HeZ 1y
0651
%169t
LY 4 AT I¥d

wds

501L°11
14919

T10LH2O0
LR TR AL TV R
LR TRr4 L]
VLT 1]
16810
nrlsy1*0
(LTI R+ ]
SOLL0D
Yh4LWO%0 0
Qulpinto
ewG a0
10010
Y158 170
FHSOLTD
115100
Ghel ("0
GhHHUdD "0
DL i}
mZouLto
1949%1°0
trtot=o
Gshuloco
OlR40 "V
N R W' 4 Vi
29061¢°)
HWiDLYT=D

WD

Wt 67 ¢ -

EYRTI IR

BEHD™ L -

NAS- 1 I

PNt 1-

LOEL -

16le2-

Lyngte-

F990% -

Thlt "t -

SR L

Fedo-1-

Wyl 1-

1590722~

DIG "¢ -

9LE0°E -

4 S ITR

TRIER R B

BYo9=1-

11eh*1-

E902 28~

ENeL e~

612070~

GIOH"E -

H9LG 1~

(m-w.u . — -

WOy
LA RPN 199" 1% loulsh
RIT T 158°62 H1GHL b
Luse i INLAE S| e lo
2h40 018 14976y | IR LA I
Lot e L AP dl | [ A W1
LR I AR T HADIE
GUGBE] JukT 1 LTLET S
[hoy 11 y1E=06 ELTVE B
19169 0D "0F SIubEH
(YA I [T ra | LLYCNh
AT L 1001471 EXZH0
bhlutLd [ R4 | lEdLvh
Lavrm1y L2 B Lite a6
Thatul 6uV"22 LZ2dG6H
GUELTT] Ut 1y 0992166
et [T R R % LEEO%D
Tl fel-el 0wl le
AR TR 1 niscnyl I PLL T
cluep? LOGER ) HYELTH
geette LY ST T%le%6
Oty "9l Lo ¢t DIZUGh
St ] [$3 41 YLeTG0
Yhdet! I3 1Ih 1 Y1090
Phtet( 4T | PR )
L3 I N1 WE LA 6F 20 H:
FHantug G91°ed Yeed
] HM ny
z kST ol Q1A JADN *AVOLdD ubzwl

‘L
~0
-0
0
0
‘0
0
‘G
0
0
o
0
0
)

04

A LT 4N
fHLGLY
“lULLE
"GHGYL
THEIHI
“astl
ALy

T
"wllah
R ra i
“HLL9¢
*HHLO)
“IHY11
"o 115

"0 ‘eivey
"0 H5°0L19Y
Ll 0°019%¢
"0 vrlthwe
‘0 LA AR |
‘e ¢ 1IR1L
0 [ 2 14

‘0 [ A
0 Lt Oy

O e ™o AN a3 =T DDA

dn

W3l

S A8 S

Il
LHY"HLT
Tuh=2e21
UL YO
TR ¥
Z1L°06
boY UL
(2 |
00" 1%
0i6te21
114766
EL A
ougtls
ERtEI Y
4T
10y uv]
19u*e 21
LOLTGhH
vio*z1
UvEtdy
I
ra 1
GLrton
A VRS 4|

y

et
YISt e
(900 'l A4
VRV R R |
leRi-1l
2E0OL*H
feE0"%
yoLen*e
SOLETEZ
ttue=ne
LY RN |
FAR IR N |
Tuverp
ITY N A
ourete
buvl*ed
U3 UL v 4
LT R |
Iventi
CYR R ]
L ™
bang =g
[N
Nar’y 0y

A

SATv NV

e u0° 4

(RN AR
[LIVRFY S A 4
OHLG" 12
dLul el
9O 11
G169

eylte

LegnsIf
sintl e
1609 1¢
LugE=91
L DT R B ]
LEA N )

¢l e

(TR TR B Y
LYHUTNe
RS Bl '
£EyL9]
bRl
Lhectt

LERRA8 Y

F L P S
LYy 90 HE

e P DU N O T Ay Py O T MM T e e e m oo B O DY

0 d3u

Tv 211051 1 v

AR |
[IFRRRAT!
([ITCT AR
cHUD * ¢y
TR U 19
[T LN 174
124%*17
nr1=6l
17010
LU R
LLOE "2y
[T RS
Br6DTHL
2Ll 7
CHES G
LUy b
T4
6602y
noaZeLf
b He
CLY R e
oYL=yl
LIHG "0
PAY R
1600 *d Y
et

740

N A e

B N e R e R R L

1yl

QZOLORCO00* 1
Hay2ayun000
L4 TN 1 $1a ke
Sludluonntn
P TS IETA U TN R
eyt LUODDTD
19Tube 000D "L
F6E650%0000% 0
dgrafaynany=g
LR EL000) "0
[ Y e RV IT A (]

P ROV TRV IV R ¢
Yl L2000 0
I 1EYE 0OuD "0
6l YOO 00T0
JHEGLS0OAD*N
G510%%0003°0
Laglecctuotu
Ll 00yn g
YEQLLEO0ND "
EEHMEREOUUD"0
HOLZ050000°0
OO0 H»UuGI* 0
MLy va0000"0
1tslZs0GO0N"0
nogeRZ0RN0° N
134
GL01° 0 %™ 0
ofs0*0 L1t"u
Ghcu*0 Y200
SO0L%*0 Guk© ¢
Glrie "o 94491
AR T ¢} 91t
03910 LT R
$401°0 YZLT0
42500 L Bl
50¢0°M 12070
059%*0 ayu*2
et o [V |
S042°0 981"
0310 199*0
€010 [ i)
414070 L0
5610°0 yeuto
EYTR Ag)] eyt ?
Ocie =0 bOH" 1
Suyd 0 Gyl
4310 L3t 0
neL1to N4t *0Q
SOL0°0 evlto
T RVAS V] néu*h
[HHL R ¢! cuvt ¢
SE9E U LT |
ds Ha

(4]
la
04
(73]

'y
(2]
2%
Iy

6F
e
e
91t
Gt
L11%
ke
2t
1t
0t
(4
e

s

(4]
14
05

Uy
Ly
Sy
oy
By
%3
4
(R
v

e
1t
.v?
1Y
syt
(33
41
It

bue
He
Le

SHU



4
ry

sl

1ys0=y - tlung Grlel "l RPN - val*rl 1482100

kOlGT 1~ 6l YA TG G107 7% SOt - Sl vZ1InegD

(V2 ¥ Bl B 1ivil* s 19494 % Tovero- YR U} Gl 10

EL T S Mol ts SHIL L [ER T B T e AT e Yeytel ™D

ezt e~ ratilnt a0l E VLT CINTRE N | Ylvn o

tHby, - wlhIw Yy L R T s MGECT - 141 hw Ou%wio=0

LeG1oE - L1988 el d whilt® g~ R h CNLLYO 0

Nty - LA LY (LT AV | LR T [ R R | Syt 10°0

Y R [N R TTAN Ol "4 el - 2% “UhE LIeI0¢t0

V3 I A (LR B RIS AL | Y1660 T4 LV R I ¢ FRRITR B ]

LHOLC - QLY Hy Wiy "t UYL T Gl 1le VGEbY 170

MY Ct - Tl 9 WlE SO LRV R B B TR Y | Yuhyulto

9Ins - LRI & tdlvd e tOv e - [ Y B B [P LY N

e ul - Y LS QO6RETT Hhilh®e- G uy vle %00

LIPS PR TR lovee -l CERETEL - byl PefuleTo

R RE T e Ghytt "t 194870~ Hal Thoun 1o6d1¢"0

18191~ frea Y109 "¢ wittt0- L2961t 1v6701 "0

1L 1= O%L9F %G CH0GE Tt Litet - woe"vle Ltlau%1t0

GHhl*2~ Gl WLy loruO* L LY B YA R | 960110

11vy "¢~ LoLUYy =y e Inl*e Yhie"Z- 196 9y LY RS A

Gl g~ G N CHY YR H0N6LTE -~ ZOLYY At H00

0LdL"E- [LR ] s A I | 16ty E- taut1l totel1n=o

LA B L1465 OB e "t Lyl =2~ Lyl "GHE A0S ]

Ivi9=1- IR B 109 { ZOLLT0- A1y L0k T44%iul=0

Hre"1- IR LT CFSLE L LGy - (XN t) 4 BYush 10

HWeNZT e - LR T T 900R0"¢ PA Y I B ttu onl Hr011°)

W HetS ol ¢ o as AdS o]

HYelute HSY " 11 YOl DI IR | eriut G167 1
1ves g [ra T AW | SIRIL L ledliG [ A W | (B Va4 BELG "D Z
nara=ae RLAAE AN | P56 99670 E"GObEY LR | 1614061 FaL9 ¢ 4
Yook T0Z IR LIty ErlhYyet huh Ll LELT R GHLE= O e
aanecng HG1"H) HRlIGH"0 Tl 1V I R GG 1% HY [T | 1ys%° 61 e
fryutll 102749y 05070 GTfEInl hh% by GlrO°H [Tt I | 4
Lete®9 LGET I QlelEt,"D ZTouivel HeL "L < Oyt y 9bEE " 4
TR/ s Tea~ni GELll6 o (S AN g9 1t Hiene 1 Gyt L 4
[ RIEAR F | (AR A | 69996 %0 1722404 R I ] LS Lo VAL T 0N 1
LR R susTLnl dea996 "0 E*E0lEy 108411 176 "6l 1y%9"9¢ 1
LA I Ird LL LA I eGuZ2uh 0 S5Tavl Nt 1%“%"1v SUKOTY I LAY Bl (14 1
50661 YHETH e1rantn Eraunge Zht*un [P A B | (AT | |
LRI RER] HeO 6y Sh%056 70 2462681 YZ0T by G660y [P AN A | 1
Lty"9 1ec¢"ne LISLELTO L etisol GHetld oy Yy LT L] 1
enerte 611 14921670 9 9Ly LT B | 1el6=1 uoel*e 1
Hy 9t 1e 12%°htd QUIRG"0 S tle s Wil bt WO "L ¢ 121971y £
HILRN TR i yut*tezi 1121960 L VA7 L1 del 9 e =oe Flentye 1
IR s LTI 1. L10L96°0 ATultue LT 1Y 17s9°ul Hu (L 12 13
0Lyt a9l AN A ] BELHGH®D TTeYule (R W NDas=11 togy=ul t
CARIE A A | (LR B GULIGHTG Leroe6l BTy yols*d feuy 11 3
LI N IHL® Ik IR AL I} R R N | LR R EY N Bt 211" [
IO 1eu=2l SUIGLLT0 faar AW L) low el Pl yudntd 12
P RTATR B 1 911601 Te L4550 VR W4 () 11 6l Y150% ¢ DIE9= 1 4
[ TR TR i anrmel 11789670 1 B R [V R | 109¢*0¢ fdEu=L /7 4
VANV R e LY AT I IR R Il LIV LA L N 1) [T R | nwoas1e 4
UN RVLR | 1917l I TN S ] [ BT b Tal [T | (IR TAL N | ¢
1) ILd N} (1h] Y A [¥] gl
Ul MR IADN CAVILEA Y uy i) W1 s ASK 51 % A 1V Yy | B I DU B B

(7]

PV Rt
Thilt "us
(TN | R
Gty tod
199wl
0% R

HETG® 8

DG94"08
Urry * ot
Wty e
mus =z
(LY A |
Sl6Y"u

L1009

aént iy
Gu T ¢
[T 11 4
QM1
LA |
TRty "¢
BRI

ot
@t b "
2L59°0¢
1641 1<

[41g

B R e e e T T i =

n

Tudbiuvouity
SHeH L ULOLT )
ML 0000 D
BRIV OV OOO0 0
BE LS LO0D "0
Slysiveouo o
YRS 040000
Yoot Z0000°0
Al Yyt OLOD*0
YIGIGCO0UD 0
€100 uu0a= o
5604 G OO00 "0
[XGEA TR UV RG]
HEEUatitua "0
SO¢ivuLuLOeTD
LYyb e OV 0
YR G0I0T0
gLivesuoadto
T2 YL GLo0m0
nessuy oy o
DFEbHLO0O0M" 0
g5t 4000070
ZZLiZcona*y
L0000
CHOHZBAUCLO "0
BLIZYELOL0*0

Tau
21¢0°0 wl0*®0
SOu%*0 Yuet e
LEGE "0 sie*1
(ST A\l zint |
LN s "o
ogul*o hot "0
n¥s0*°c FO1T0
auiovsn wloto
PRI s42*2
0%bE"O i1
crueto PR |
9110 16570
G0 WOL*0
0%50*0 SO1°0
01700
Stuv "0
SILE*U
Qe
52110
w10 UL o
04400 6210
51400 1070
Lelytu Yon* <
(YR a] wad* |
HIHZC vt
sir1tn 0990

ol Hd

Hi

9l
Y
vl
£l
‘i
1
nl
[
nwy
19
99

hY

(85

Sun

SHn



(o]
Y

Yy

Jbb1

duy g
CR AR Bl
ES ¥ A
ODbua sl
(AT N |
LR

Q1

el ALY,

LY R I GLLUL TG
IO LR I
121 R O “l6uE "6
GehE"e- YRR IR

9Y6G" 2 -

e ) - 170 "

GHH* %]
(RN ]
LA A 1N
th1 89
CHL iy

Wn»-l,_.\

HM

WO

WdS 1

LT Y I I B B (L T |
E0ZLS 12€6°0-
yivIE“e Upies1- whl *AT¢
GCHRZo"t 10%171- gL ZTEnl
NGB LhE2Te- TR ]
Pnvlte BUHLGL® - LA R L]

¢ 4D

S1PH9H 0 1*9,204 Q=i 1
VR AU o 17y90yy Hev uil
Laseynto L AL ] Lub™16

Jieise n

g inaae LWHLtH9

BiLOs6t0 g e91nl 10! "y
Alddento L=peal OlLtud

(U]

CAVUT MY Byre] b

L] M

S kS 5 1S A

ds

Vv

ticyulTo
16tGBl 0
[EXF Y 0 Bl v]
94050170
2600
L9Ge%0°D

AT Fd)

WdS )

L0 e L YIRS 0L
B4976°01 UbEH" 9L
NI U | HLL ¥ B
IETA T | vhts sl
a0ty Lot
0Ly DGU%= 3

el AN AN B )

A 4 d 1y

WV v s 1L vrs

hthbir 1
(hirtud
(EAF R D |
(47 R

FAly}

1dl

BIEL L0000 "0
1F1s%¢0000°0
LIZ00v 0000
L1250 G000 0
Tles1vunun=o
240605000070

2949 "0
[T O N ]
0RgZ 0
Sull e
(Y BN I
asnnu

s

140

LET A
YR |
cun* 1
16470
LLL Ty
Il ]

Hd

“n
fn
r]
14
on
s

sty

LAt
(2]
fati
14
Gk
6l

S0



10000
10000
1eon®o

1o« dd

bvienentenl

NV IA WS

LuLe=n

AT

] Jhsl

QUGIOH"1) .

[ K PN AP LY |
wlluhiso Ay
e 2200%° Jud
LU DY i 1 P4
JeEf b ht al g
[RTVAILIY I NV AT IN |
GurEs Lt
9@zt cne
SETOHEE Ay |
161G al
IOsSLY =121
CHHHZY 5G|
KATL AL RPROR NP R |
AT RYPLTRLIR|
AN RN A N
JoisteIt2
CALEBEROT L0
YHY 21260 "
SIHOTHRO"C )
EYUHIGIL Y
CONRE N GY
SG250TL1" Y
YZLHYHEH"2Y
ALyl Y
HEHAOBWOLE "0
IR TAT LR VR4S
. LGOS L Y

NVIN d0)
1) 356 dladn

162900217 9%Hb1
BuyibOT2 2027
TY%059% % 9111t

S5 Al ddAl

NL0H2L1H07H

Ay oars

au=o

Javnns-u 1 < da

Hldn PAON *AVALA) K490

LIS R B Y
HYBLHF ¥ GT " [0t
GHEDOLTL LG
U Y R P R L
R TR A TR L 4
GHODTIY YT LU
YOJOYYLL T4
CTLLOGITT LT
HOP IOl =491
COHOGLIHET Y]
HECHGIGH Y]]
HORUNGEL Y]
[ UAVE O LW TR I |
176054471010
U VT TaN]
Lrtensir-en
RUEIFSHA L
OrhZenle
CDDOEEHIHG
THS0DBIL L9
GORSZIMTLYG
QULGE2Z01T9Y
L2ILGHIL LK
Lobb1uG] 1Y
HITEBO 0" %E
BisLeralue
BIGLI90 1001

NV W 0
1) 166 HIRO

HOZsnhaley
RN TR R |
VLY UG /-
[RERTR RATETTaa
1500%0 sy
CrunslIfrg -z
1Yyt -
VAR TR
[N R IO VY
wICLI0GLH ]
LEIIHY 971 -
IR ERY RN
Ioeeeiul~ -
[ I A1
Y M ubbyt -
101 Is*o-
Sui LGy
Lea%nuus ™y
Inahcibl ™y
G1O%BLIG Y -
FYOLEINDI (O~
Vi GH YL
LfZunmiutE
EPEleny) " 9-
COOFbY L2~
ddlb el
(YRR LTI |

WwnNorsja

KRS TR AR
C9LEB9G0 20
Lahoe1Zston

VWIS
10 HIHHd 01
1 106G0°0 06142
1 (LR eyt
I 160J°0 GO0
10 1< da Niva 4
SRLIGER0TZR
Yntelve YUyt LUZ* 25 00ud
I VA 10V05 NV JW
TAND 1D ad S 100A d¢ INL )
1185 AS SANYNY TV D)

VOt UL " bt
HELZ 19001 0w
FHUTYI0L 0L ¢
Tt 900hH 42
[N B R R
UOEEGZ92 " n)
IR VAT E R |
QubOvu 9wl
futuénly all
COIRLLIG Y]
veringet 1z
Y2065 es i
(U S WARFSN |
Hicoovvg*nil
L2 AU L A I
10101049511
Ghah ity
11yl 1ss8° 10
GUUOI LB "G
PARLEE VRN W
DL0LLDIH19
Olv0L911 0%
LLLOLSE " HE
CBElviZZuy
LtOUELLYl "1t
[ WLV NS W4 S 4
12HZ s 12

Hytva
41210 180

LR N
HE® 01
LoT0s

N=H314WVuvad
O un g

1446002179 HL1
Foul6012°dl0e¢
HOST0E 11 002040

5S 1 HdAl

ALl e LTLOEZR I

HEYEYHENOT 190

R AT TRl AN KLY

S

ST iLwv s

NY0D 404 SISATIVNYV NOISSHHOHY

AV an

[VIATVITRTE PR TN Y
(IR TR WL
O0LINDEE Y,
U VES B R P
DOVADCLG RS
JO0ZNRLL T 90¢
SIS O TR A |
(G LR TA
oonZiws 17421
[CVIEA KR BT R |
MU R VI N |
UGODRHY B0 YL
Q0021ve 2 0l
(TR B X Ve A |
DODAIYLY it
oounodt 1901
RIVICR VR R W) |
DOVEIYL %" uu
00NIIYEL "h9
tovoovYLeL LY
anooodes 1y
QOIS
JODAYI6ETY
DDODZIHI® Gt
DDDI8BEL " Y
LRIV PR B P R 4] 1
QONEYNE R F 2

AN1YA
0 IAd 1S

14
Ge
4“2

- -

HUTIVAA 1540

YOOLEITT "4 - “tHandA
CHULLTOL by 6y HAsAA
AEGbUYIL LIV AA
JAIVRILS ) Witduvivd
1 e dA

1 WASAA

1 LK
i Taun s
We WL 3080
4e LR E]

3 [RIRIT
1 194nas
WdS ATV IEAVA LN JONSA IO



s

nusl

)

WA AADN

OrrarEaet1oy

NVIW Wi
1Y 66 Hiddd

"AVUIYY EY

H

HOPCTOHGT D IR

1)

1

Tahd 13000

NV 14 1u)
169 wiM0
1S AS 5

EbdbyIf0"2
BpGLaL 0T 0~
QILLGTISTE9GL
J02I0000° D~
VEQEYLHD 1607
Lab 0020 -

R IR Y

AMAIHARNE:|

S5V10 aVANT

S A YV NV |

55 HLYiA

GHIYILED “LHE

N ava
WIEdruidd

WHINTY

v

ST v s

U WIS LVM-NTHaNaA

NOT IV 3aubInany 43047 15419

IS TAIVES S5 and
= SAWNHESIH 0A0vnos 4 WnsS

SIVNAIS 8 Uauvnos

1N wns

SIWWNIISdn 40 kNS

020202 16t

INIVA
BE LY R ANTH]

LA

He

NOLLIVAHISI

STV IYVYA INIONID IO



55

Ldb 1

brat il
AN LS
dvE9TH
L RLTTR
ELATT
198112
SHIY Y ¢
ciogtr
‘95121
Iyol-p
151979
Hewt e
[ I I
Ihfw"1 2
Tt
Y ST |
Yhll"H
hOQE"Y
tpuzrse
UL A
NARY (A I
ot 1R=11
Nuag*ern
R LR U]
tded*w
Shivte

WO

‘o

L R VR RS LF)

yublte-
Glu%=272-
YyhH® -
hedn e~
1018y -
Y16 =1 -
auyLt -
G212 -
Gt L-
tntd

—u%A-h'T L
ENRS R
Q2691 -
4 2% U I
[ N
Cufh 2 -
weZite—-
S1EH -
ERR TN
BIHD"T-
(e 1-
ne11=Z-
LR
eSIH" ¢~
[V UL N
1LeLy-

165791
LA B
110" 9t
156*12
YA
16yl
(UTAS TN |
[LL R ¥ ]
1475
1GE " HE
L1902
21010
e-cel
T 110 |
1101
noetis
S0t L
orv-ne
Y9hH*h
012
ShT*sul
2y He
Byl 9%
teeT bl
Ut ¥ 02
1e6°n

H™

wiil

Edibub
[ AU Fa T
(VR TR
orl0en
1107206
urdon
N AT
FLL LG
EYLESH
0684
EEIBHZO
0539106
2269
Legnn
LlHONL
LG
€Ednane
cliueo
61206
GahIUN
ZUl %9
R AGH
24t 6hH
Yes9%h
Qlghin
Lt RPN

Al

CAVIT YD ¢%ivi

FUT T o

HGILHe*Yy
Qrvea=y
Lhyhd*y

L]

210t Wi

LICA N X
LAN TR TV
R RTL ]
1%26etn

Y

LA 11

CHLGD Y
CE T4 NI
(N0 P’
Gl G0 "

Y
Al

LG9, 9%

[ R Ta

Wetdd®y 91
GHO Y 10

20710°¢E
Lenidt9

SvEN0T) Hl

LI A A
CETH P+
LT It
GueIN*ty
cONInte

u
v
1
0
N
n
"0
0
"0
0
0
=0
"0
o
‘0
-y
0
"0
0
0
£
0
e
-
0
.

dds 1

]

4

RS P
EATR YT
=11 1ul
B H%06l
[y 41
2T 1%y
0*ESSHY
50%262
URR A T Ar
Z°e6enl
DL 9L
D52 htt
L R AL ]
179148k
Errveng
0" 1921e
grronyl
E*TURL
LR R N
LAy EE Y
35916t
T T T4
L6e1ne
R R |
59091
Fa PR

(1]

ZHONH 2

vyeantl

PRITN T
dhety T

Levdn 4

169201

LEGuy L

ELA B e

HILntl
GIYHG "L

09L91°E
0Ly e
0erey 2
A2 R LR
666071

191"
WEY "

' RO

Tl e
bt

e
LUG*f

VR A

vante¢
150°1

LI

Z 101

Hha* g
1€l "4y
GSI10" by
065t =12
éul=y
tyu=6ll
Lts*e01
HZn ul
H9e 96
GHEUC
K970
1€¢°01
greoel
Yeltvol
LAY By
Wed"1s
(697Ul
[FA71 Bl ¥l
H24% "1,
wupti1el
2ul=501
t14%" Yl
HeLtYYy
194 Gk
veZwtue
lbs "t

L]

1S A S S oA

WNHDYOS ¥0d SNOLLVINDTVY MOTJdIV

%007 | -
Byl -
HE0h -
“OL9Ty -
CURY | =
TEE%"D-
H2v 9 0~
SrHiet1-
YiGut -
(PR N T S
[ A
il -
oY h-
EY AR R
Qa8 01 -
[9GH" [ -
U2 RN O
ety -
GHED Tk~
IR HT0-
AN A T
YRV
TN URE
[ B30 B

HHED "k -

us 1

WdS

109921
S0 L
1L 9
YL2LTL
Tisy ™1
9L 61
cdHd 0
aush=21
Ledet b
bhEE "9
LT IL T 3
[FEN IV A |
VAR TR |
(R (P |
(IR |
1te% b
150¢€%9
9L hY L
Nuby=1
L9661
luut =11
tH26 "1
0608 "6
WH9% %)
Glit "¢
Haus Tl

A

vV NV

YL THOE
Lig=Le
LA R |
LU0y
01% *De
SEYThCY
TEHT1EY
LZY und
v G101
IR
LE LI R
Hirena
11206
LY ]
Pl Lt ¥ N
1 inl
HiE“b11
EdLTHY
01y -oe
blI*HS
WY TALY
DAL RAV]
UNIITH |
Lébt sl
S15°6%
01v*ne

v

Lingri-o
QIuenNG’'o
DIlus0"0

11278070
Cev lD"0

4l

HGIEHLE0
Jul
116110
el niin*n
PR ]

|

PavlLnto
YEIGI0M0

SHORDTTO
1976170
DRZ0Z10
ZELIR0OT0
1165070

ovEsencn
R&AZLI0TD

wehuHT®0
6NV
0500710
thO%HUTD
J6HHSD D

0100
ey 10°n

ool
1oty el
BYE9°H
4 R
Ieoe-t
oWl 1Z
Bl ee
TR |
thul= ¢l
7y0i*3
6419
tzvete
[tV R X4
HEE9TL L
HEGH LT
VT RT Al |
cwit=u
Toou*y
engete
L4% 12
LYILS Al 4
shiw=tl
LY S (R |
chwil*g
LT3 BT
Y B

P B B

wo

i

e e T T e R R B R

ad

v

(&}

L2 R e
[HIAAUR] |
tuse 1
0%
LS A
[T RS
141" 18
UL B R
[ EA |
Quug =11
neesw
1ot
Yindd "OR
1046 1t
wili e
911t
VLIRS B
P N1 T
6"l
1704 °0¢
T4 I R B
[ R A 4
du0* Ll
LAY |
HEHT "9
(2] R

r H]

Ny A

v e w0 S

Ini

lZ2¢t QUODTO
LY R4 TN ]
1Eddst0o0uu0* 0
YHIBEL0U0270
OuvlvwOGud*o
E9%EsZCuboTC
RS4RI 0000" 0
GLILS O0UDT0
EHeHuLu0u0 0
LEESY0000" 0
G LL0Ud*0
BeCT06C00070
191257200000
LIZI OO0 0
192l OUD 0
Q%L 0000" 0
Y2095 LCuoT D
54%5v 4000070
£Z2UE 6500000
Lo6ls20000D "0
SELSIT000ND* O
5642 260U00 "0
PR L FRTTRVIUT ]
LIELSY 00000
Y0LELV000%0
ESZEUY 00000

SGFLT 0
YA T A1)
[EALN V]
SL1d0
0s¢n*0
Sa%Y 270
D6LS "0
Slve-0
o¥eeto
a6%1°0
0120%C
0fc0"0
Hweto
SLIL"0
0s5¢ "0
0Leeto
oe%10
s110°0
naentn
“EyIt0
0%45°0
[T
09480
nZyl-o
QRGO 0
NG00

ds

140

Ml to
ZRETD
BUL "0
190°0
1o~ o
UV |
LA |
LY YR ]
L0y 0
i61=o0
1506°0
S10°¢
161°1
st
614°0
s1%=0
2610
093*0
y10"0
AN |
20t "1
QLL=0
ule®0
hoel 0
G4a0T0
L10t

dd

9e
nd
L2
X4
e
17
ve
6l

ul

—

s

e
¢

-t L~ D

o



56

4

ouel

Wit e~ [NER TR YHY UL T R T B HAB L16UW0T0 NS0T
CE L S 19400y CIAEY R | et e- 16570 gevhentp LY B
(T8 R neniy=? BEZIC0 161" VTN | $I%LI0%0 TR,
RN B [T R Sl laTt it 0= LT AT RL500T "2 dtds vt
Glb™1- [Ir B il YR | 1éLs u- nay Ty DYAIRS B qulltue
1612~ (TS P 1l L1570 - L0t il io GHG "¢
YELGTZ - Ibtied LAY Id TR B MO OLE TONIO0 11647461
108677 - Wilonty leéeye "7 116U |- IELRNEd| FIHLGL"D HuLy 1
Culh® e JUEIDTY dediltl 11E3% ¢ - 104 "us oyeoentd LE16°S
[T Pl B G000 E CEYRELR | LYot - VWETNE S0 1070 11912
viteTn- TATDA E ] Cliuy e 1n6% =0 - PO TGy LY ] HIGH "%t
Z0dut - [ | P A 1 GOHG 0~ LOG*LGY THO%51°0 JEECOR
[0 R Bl 1v421°9 GRIE "L GHhYETD - RGG " UE 62¢911°0 dvntéd
LY Lutie sy LT Y e G0Nt - H1D* 00l L91Lun®0 wlde =91
106 - 1ol U B ] a4 P BT B wtet1el SHUELO=Q ehtetnl
LYl - L e S1206"1 GEPG"E - HED =19 C26010°0 609
100y %~ bfZLDTE (A3 d N 1] 6119 L~ LTI fEvIoto LT R4
vdtti- ZiItieto Bebus “k BENE O - I ULY [TUEATYR ] [(FER A1
Zguntl- 261119 1291%"°¢ NGO~ HIb (4% 26i%51°0 OL6LE "UE
(291t~ ouvlzr*s J1021°¢ GEUETO - wei"alt 2906411°0 Hhveted
OhUs "¢~ GUMEZ™G LTI TN s TR R I 596161 LT R ] 3E10°91
1206°¢ - TNV ) prnac -2 GEIGT - 6ly 021 Uln%a0°0 LU 0T
Yoby L - Shiulh Yl WL =T Oing 7~ I Rt ] LLEOENTD Uiin*s
10016 - EHLEUE Aeér6°0 1HI9°L - Ui1R*0¢ EEyL1070 cyvate
e60L" 1 - RN T HyE2LTE 111y 0- 496°0%S 25016170 HOHR°GE
SHYHT 1~ LN (YRR LOLEY*F aLouto- HEO ™ %%y CEtLs1to0 11i6°0¢
[Nl } WdS 1 4Nl ds1 Wds 4 1]
viustt (TR TN L6550 GrROYLT 1207t anpg=g VRS A 4 t
690y 0Lkl e17126°0 TR 697261 006l "L YLUE*Y Z f
AN | [Tl 11070670 b kL [ Y ] Tis%*1 lent" 1 Z (1
FER L o111 PELGHR0 1*6961% Le9 111 GYZy ul SHlE"4¢ 1 £
19649°1¢ 669t 6 ROLENARTD 5°H4AGC I ALY Y 0Lyl LR 29 M 4 1 £
SEGL010 q10°%1 FLiIRsH™0 [ A Y e t10° %t 9%1e-21 Urd TR | 1 €
LARFRA R 159" 14 LusIS6°0 (R | L LA £ Zventd e0IL= 11 1 t
AR TR ) 09wt 1094%A 0 STERHZN 1072°%¢C (400 ¥ 4 D9%u" | 1 f
bUGH* Y Hy9 1 25012670 n*12¢el €961 0s%Z* € 1as%*y 1 1
Zuin-tz coZ*n L9 0R7 0 9°62%¢ nne*s L TH RN | 19002 ] £
GHLe=9e 064*511 22i 9960 2TIGTIEY 184511 tuZl 6l ‘et 92 3 <
1/a~ee ZoruToet 16045960 1°565%1¢€ 6587001 AL ] | seluted t Fd
911 Zi1*al 12266670 L Z9EHS [t B ¥ RUTER | 182t £ Z
EAL I | (AL RAUF 245974670 ET01208 PR A4 1%65°4 194121 3 2
LY O] 612" 4E YOUERATD REGRNT L IN TR 1 DeiB*G wheu ) [ 7
HnlG | R4l AT 4 260 ST9Eul O%e 0¢ to%e " ¢ LY T 3 '
Prout [V LInS06t0 [T 41 2614 [REL R 1eh6*1 £ K4
Yhltw=ae 1egeanl 0%99%6 "0 B S0GEYy HER"911 tduetel Loy Z '4
oL n=ee Yaeciol QgETH96H "0 0 iv9rt 1wo=1al Qv 9l FOln-2e Z e
guin®tl IR IR 1065670 brEY0UE L TR Yeent el ogLn=e Z 4
Lyintzi 6HETLS GEZZNLT0 1*1¢onl I T R 9IAL"8 Zuinte2l 2 2
LA{EA B T} [ RT3 LOGEYL™D T enten | 1O PNESL [LIFENN B I'e Z
DG AGN=61 2100760 6rE6EL 1497061 Ht?-e 1canmy 4 7
HOuk" ] (614 11020670 W Id 1 SGL Ty IR LA IO ¢ 7
Ly lH ye H1s il 0199980 PRI ANy (MR AN LuLL il RNt [ 2
BIGETFLZ I RN | [ARTTI M L*99LuE (AU vuthb*ul FAN 28 W 1 g
n HH ad un bl A e did 1dl
Sl M IMWIALN *AVGIYS dYivd Wl s Aas 51 S A T1TVNY 1 G008 v 1S

a0y a0y
L0000 %0
Oybd 00Ul "y
GELGYC0000" 0
6262000270
HLLHHLRO0U0 "0
glEyOvYLOUOT 0
Iy %170000"0
D0 S50000°0
EVG1LLYDGOD "0
L B%GeNN00° 0
Q10 4200030
BHLEELOGOOTO0
L2Z2G5HE 0000 U
BLZ21L 00000
CEIBESLON00 0
04%) av000D "0
BOul SO0 0
1997242060000
T4EGEEQOOD*N
LEVEOLEODOO®O
D6H9%0000%0
E1nOEL0000°0
04%1%%0000°0
LAY S70000°0
BRLLIZUO0D 0

[RI{J
S061*0 5%1°0
DEIOD"0 nso-o
0%¢0°0 110°0
SHI9*0 1556°1
0%96°0 HEl= o
DLLe=n 06920
0s%Z =0 1wt "0
0os 10 761°0
0z10"0 2%0%0
09Z0"0 2100
0LE9"0 499°*1
85570 19271
SHIE"0 0EL"0
06920 RIE*D
GHYT0 Zyl*o
SHE0%0) S50*%0
01200 110%0
91370 269°1
U LRl (] [ |
(LY B ] Y11-0
0Z4%2°0 29t "0
S1%1°0 910
G100 tu0*n
w40ty 110°0
LYITO 0%
anwsL o 0ZE"1

oS

Hd

1%
Oy
Lt

FA
9%
SE
v
[ 81

1
n
6Z
ae
I X4

SHl

[41
14
0%
6y
oYy
1y
Yy
Sy

[y
in
™
oy
6
Wi
1
9¢
Gt

bt

ft

2t
1e

0g

6b¢
B<
L

Suu



57

DI

D P B
Z2il1-
ntinsl-
YrOL" -
162~
YEh* e -
L XL
B9y -
cosrI 1=
ctbu™ -
EUL N R
ChbYT (-
IR0~
HL6G L~
1ty -
[ R B
GHLAUS 1=
Y B
HY66° 2
NG6H* ¢~
H1GGF -
¥yt Yy~
Luett -
XY
6912~
19942~

wh

00e*6
661"
122°4%6
ot =2t
660" LY
151" ¢t
[ILTVRaNth |
one=h
CLVRARA |
HGG " 6L
ELL " %1
€11t es
P64 °9¢
v ul
1666
th2 =yl
1¥6 " HE
10 %}
19606
[T aaly
LA TR |
HIh" f
UYL AR B
519001
101"y
vhE 0%

L]

‘1 HIAWIADN

[VEARY X Pl
1SHTY "9
16119
HU%NZL "G
Thvbe®s
QLLHL*Y
fFHOGSO Y
(T4 Y 04
954518 "0
16¢01°9
WrZZl "
Glgie =g
PLL Y R4
L9550y
sivL6°¢
FY6le 9
PR )
18%9%1 °%
QGHZE "G
1€%2u°Y
12y
Nesl6 e
QLHZE Y
Gy BEL" Y
Yoser*a
HLO0LETY

HdSs

t2UE06T0
1949670
25060
£120465°0
UV P4 ]
SE0CY6T0
EO0ESGLOD
€ZE0h 0
0E029670
THHEDLT0
SELHSST0
vEYIG6°0
ZEGLYATO
6L 0
LHOSOK" 0
SUIPes*0
blILDE™ 0
EHNMGHLT0
11214670
A Ix4 TR0
E6LM26T0
6159060
09219670
5209960
CARHGHN
Gloluys*n

AVUL MY Luzy

2001001
dlhus T
RLAAN I ]
0000 "¢
nonpl e
14HTE ¢
QOO Y
L1011
LA TN
D06k "
Sualltt
teeng e
BLALE
FULTY S I |
Hhdhan*g
116G c
HhZiy v
Zizel*t
1l e
Du2te*¢
LAY B |
cHlhnt]
FAFR TR
Hitus g
bt e
lewls*2

21N

2°n2%¢

Levouly
SENIdNtE
158 LTS
IR
(3 (A |
B*9ILD

9°62%¢C

1°%GE2%
1*0101°¥
R 44
A dilir
2TR9 1
S hyhy

Il WA

%44 0Y
f 0vR9t
r*eesile
1°0%4581
2 9uldl
LR AL L]

R R VA

0 02 Y
Y LHELE
Ltonte
IR TR

U

1 L. |

16217k~
BOWE -
NENG -
080
G0y 1 -
|74 (B
159 = ¢-
el g-
fhut "0~
Yehntp-
CeHLU-
HY1® -
Glth® 1=
689" 72 -
LT PR B
VA A Sl VB
06450
ket (-
IR TR B
DLV R B
L1t02°¢-
16T -
19180~
L9940~
671670~
wHeE 1~

ds

noe=t
9617111
520 °%6
LAY ]
L60°CY
Ghl“tE
[NYR
[FL1FAa
whl"ell
56666
fh*%}
Hee*es
Yhh Yt
99 il
166°6
wnzeu
ithH uh
tloryl
593704
HG " WE
€rocni
H96 "6
92yl
1ut001
6H0OTG L
16t “uy

L}

S A3 51

YOLTE
WhlthGy
LI L N
0yl ® 30
vin=ang
ve1ton
wh LY

LTRRE N |

[ R A
LY L/ AL
4T BT IH
116851
duntlll
L2 B B

GH1TH1

TR A TH
ey
CE IR 1'%
1917207
106521
Iy 09

LI N |

LGyt 098
10E"E i%
HhG " ee
1ua2%10¢

Wds

LR T |
ZruL el
R4 R |
606 11
Be2l*h
X ¥ 5
Otis*e
fFATGT
bl2L"01
00ey 91
I7ee=di
1%13%d
EheD "N
1oro =«
[FATER |
Lo 01
TRSE 91
FLARANd |
SubE *u
Lihity
[nith =L
LLEUS |
cavotol
S1ta=9l
[FR 0 1) S
L9l

A

YA TV N

SS0%10°0
DUHAI) "0
ERFRTLN Bt
GELDTT"0
H1N1BATD
LE2ISs0 "0
BG40
Lsuy o0
CYNAW R V]
56046170
949110
by 1eduto
L6550 0
LlalZo*o
sanintn
heuull*n
€SIS0
cLtoctio
6311070
greesn o
Elsuencu
RICG10°D
EYEQLL "0
LOUEGT1EQ
£elh11=0
245210°0

v

Al

1veu~¢
GyleTse
Shin=12
[TEDLURER |
1ovu=en
Er99=1
ROOLUTY
w07
DeéLLTGT
awlst2¢
LY00=1 0
UE6121
ouee*w
1¢e2°Y
aviltez
vln=6d
Lyiv=2e
G2uLtovl
0%eEs 11
Y B ]
1262 %
P4 P4
e 41%9¢
ChilTil
Falttil
agey1l

0

Twv 21

IR
HIRAERY
Blav i
FATLY Bl W
vl %75
Qe1T0l
HYheb'y
19912
1100 %%
NOve" 6
186602
L2191
L0011
[ B R
(AN [
BhHvEsne
whGl "6
ULz e
L&y
120E"01
Ae19"4
CT N A
ceElL"hE
516170
1658027
IR RN |

I bv]

LS

ARA R M O ) ) T e e e e e R, YR

did

[ |

261100000
PR P IT U (A 1]
P LT ST VT AR |
ELIVELOONTD
LUGLLOODD®D
vORIYO00D %)
ISy ¥GuO0ut0
YT 00007 )
Ue 297200000
BZayeunnetn
GICYU00D"D
LS2A L0600 D
Tesowuoou=0
61V s0000% 0
$214%00600°0
BGT920u00" 5
leoncocanto
L5ELY0000D
OLLOUYO000"0
SHGIHY0000°0
clvRs0000"0
08 6.%0000°0
THOLEOD0U D
BLERZOGNVO"D
UG LO000G0
I¥6H0vuhun®g

Hia

0%20"0
SHL9*U
0Ls4°0
0sleE"D
0u%e*0
0%l 0
uri0®o
0%c0"0
$119°0
SI155°0
SHLL"D
LrATad ]
uey1t0
uelo0°0
HEJ000
0489°0
411%°0
S1aetn
LT ]
25170
0%L0"0
0usZ0*0
SR "0
GI9%°0
UHiE*U
014ue"0

TET T T T LTS

Lol i B N B B L B T B R R g

N | d4%

Lvis

e
uldus
10k 1¢
U RV |
COLTIRG S |
Tewy=2
LG
Jrante
Lefl*ue
hatl6*ee
tauLttl
Gehi el
YH O
[ XA Y
eyl =e
41642
GGt ed
Si HL 91
Sheutll
FLRT
teEe™y
tu9et2
whdl 92
.Y a4
HGAD 2 1
11ewtnl

HO

0Zioto
[T |
(i R |
0094%=0
cowLeto
06%1°G
ovuno
ozZivto
0s09*1
(IR S |
0wdL"0
069t "0
0110
otvuto
Oclv*o
00eyt1
a0cet1
00n69*n
oleesn
Ces1°0
nLyo0t0
0oy10%0
02691\
nGge1
[1RE I Bt ]
0wie*o

Hd

Wi

L6
b6
ts

Suu

ul
¥
91
41
¥l
tl

LN}
0l
L9
Be
19
99
59
L L]
9
29
19
u?
LS
s
L9
9%
GG
Y
£t

SdJ



58

L]

(T

n9ro=e-
fElfF* -
gZwte -
isZ0" €~
£ECO -
olls -
LLOLE T B
2ot~
LA R A
099"~
IHTIO"t -~
U6t G" ¢ —
BGUY Y-
Zrspt -
w10t e~
EYie"d-
UL Al
{00 -

BIOR® )~
RNt e-
QrnyT -
10%6° 7~
81647 -

Wh

11" 1H
RGL* %9
659" 69
641 ° 1%
10 Ll
iyy=1
M6t 201
LRSI T
9H9 49
Iyl tay
GODT2E
05¢*ul
T}
GR1L*Z00
il it
9649° hy
LEH"6%
ME*f
%3911
Yyl
1% %11
[ I B T Y
"L v
GZE"LS
209" hE
R A |

HH

CHT N INA AANN

YRHET "9
1954177
EER R4
1miiu-y
12104y
[TV e
Le OGE™D
Iotely
bbiults
P LR
LTRCA0Y B
Frss0Ty
026L6*%¢
LI S
L6iel
cLivieTts
19911 °¢
HbOOLL ™Y
UELI0™Y
wénthte
DE2CE"Y
2e811°9
L1 B
YLN0F"G
LI R
LTV

wWds

219136°0
L9194670
PEAHULS0
H140%6")
L% K0
TLHSHET0
LEYHILT0
2és1ibt
GH1IHT0
L6a6HY 60
HOJOYGTD
1%262470
LOWGH" D
ZILe96°0
21919670
SHy19an6°0
6E06%0L"0
L6060
eLeresto
1Meu60*0
H1990h7 0
05949570
SC9HL6°0
Y9LI55°0
[NV P T O
LOEREH® )

4]

CAVUILMD %ty

DIGREE
sreancy
LU A
LU9LS "2
Lleintl
HYLOH 0
HOEL Yt
LALIETE
SIAYE "¢
9G170%¢
GRYOICTE
192nd=1
GOLER "0
Y4 e ]
LRI T 1
Gluws e
NHLSNT e
1151¢°¢
RIS B |
B%uOBR "G
YIHES L
Iyl "t
Z0AMD "L
CLILY Y s
A4 1 e
LT B |

<431

1°9t%2E
R4 B R T4
010021
taeunl
PN AR L]

10Kl

1°9%EbF
ET1922¢
LoORDY S
YTETOLT
6 215611
29619

n*6GA¢

1°0604¢
1"9f%2€
F6H0Y2
H*G9011
ZTesnet
LAY

rUolte

61292y
R*TEGSIE
(rsvite
1°65061
LTERRZT
[ T

g

1 L O |

anrstu-
thvh*0-
Ry -
HWEBH™" -
Hevt -
L6701 "y -
i, --ftndl
Ll 0
LG =0-
LtOhE" (-
LOIA"1-
LT LN B
Lhel (-
CLGE "D -
6UEuT0-
219670

EHUE " 1~
LT 20 X (e B
1nep=2-
TS B
Q018 °0-
16640~
SLIG 0~
YBotT -
Ofeb* -
£669° 2~

4§

orv Le
951 %9
149°4Y
LAY R A
9011
1941

6 Zol

Y998
YH9* LY
Shl*sy
Y00 "2¢€
(/N T ] ]
one*y

LBEsen
LER N T BT
Yh9*hy
CElitsy
leTdt
Povtul
[ A

AL AR
L0l "HG
vild*til
FALLY
109" 6§
t9r |

M

S AS S

L R R
UL N
LI I IR U
A S
“1%00

Yintsl

LIV Y I A
F9LN0Y
LU Rl B
LI X T4
10701
G000

LI |

DT I 2
HULTI9Y
drndt0e
COLITENL
1% 071
1Ry

LEALE T |

CUDTHGa
YLy
dau4h 0L
159" 102
Hif il
AN Bt BT

Hds

YR |
orartal
1ses*d
1ive "y
LR LT
[VE P |
H4YB6™91
LHGZ* %]
1919 01
LE-R L |
11ae=y
1110°e
TR
LY
[RTERAS |
191901
Hlws =t
LévE "y
T10W0 "k
(UTTaN
N&5H"H]
ylo1=91
OO 20
Gl * o
Ul Ty
10HL "¢

n

$ATVN

FNIR R Rt
Tihd6) 0
Cuent0T0
Hl1Ga%Y0 ™0
fediduty
HALLID"0
tebdolte
POEZELT0
GendtD ")
VITATE AP TRV

Hudw0TQ
[CLTATY Rl L ]
Ev21Intn
211961°0
FATH I B 4]
Yedd60*0
6100200
(R LI TIRE]
F1skZoo
goenioto
ot l-o
TuHERT O
SGINT1T0
vy le00
Z9HZS0 "0
€16820°0

ey

wZsltol
GLEYTHI
s 01
e
1240 %
tit91
r£4 Sl ¥4
29%9 1
DEN L RN |
oZie*ul
rsest
Twg =y
LAY |
[ VI B
HESL 010
#5699 v1
9Z6e 0l
1ove =4
1218
a9l
Q546705 ¢
LR add
gned =9
f160* 71
(AR ]
eVl

b

v LA |

rdul*ué
R A |
(1A R ]
HUSG=4
(TR R TN
Hltét e
[0 P R CM
sasnt g
Jrahthl
AR AN |
H% e 6
P L
602
Glel "0t
ELb1=9¢
099k hi
tCul°et
bYtl 6
HZIY™ g
Blee e
TeEdh " ni
FQ0% 61
1921°¢2
ZoenT9l
daun* ol
HETR"Y

40

Y A e e A, AU R N R

dia

[ |

HSENOYOO00 0
0Zes0000°0
12L7%0000%)
eV tHYOULUTO
GHYSGO00070D
LAteun00n*0
b 1700000 "]
166LUF00D0°D
eyt oe0nnTn
Taweytona )
Syawyoucosto
DIy a0000"0
L9 96000
wINRZNCO0"0
L5H0E00D0OT0
LewE00000
LHUIR0000%0
Y1y 000L0%0
GLY%G00007)
S21EH6000°0
LET9Z00C00°D
SULIHZD00N"]
gt o000
1016000000
tevlyooonto
Ly aS0000°D

1u

$6435°0
OlHY 0
0is¢0
s061°0
O%Lp=n
0500
s10L"0
049570
0940
[ Tl 1]
tuylto
L300
ovenT o
01040
042570
ovwe*o
SH%Z" D
GIH91°0
0eroto
usZoty
“eBRG*ND

L T T T N B A T N AR T R A N A Al

ER

L LY R i}
L7 nuwsl*o
Y corGto

1dl d%

v 1S

ARV IR |
Yehuty |
At 4 "ol
Hioc*!
fevuy
hOHT "1
HeGL e
Z199* Ll
ILIFE AR ]
i t0l
L1471
FHET"Y
16421
eI el
bEGL T
[TV
Teei ot
Y0 Y%L "l
(XA T
6HED"
1946°62
2uetdd
v1&l1 91
tiso=71
LEL TR
tZEdty

HD

00%6°)
0le s 0
0H0
Nzel=n
0Lv0*0
OHDO"O
(AR |
o060
oovLs~d
0n69¢°0
ovE1T0
05%0°0
HAVL 0
oouoel
00%6°0
ooLsTo
00120
0Ly 170
04%6°0
aowoo*o
05¢9°1
anoé*n
05490
€0
09s =0
0L 0

dd

LY |
r01
ul
161
ool
b6
HE
it
Ei{]
56
1Y
115

u

[V
utl
Hi
ik
a8
GH
by
tH
¢H
81}
uy
(¥ ]

Sun

201
0l
2010
101
ool
6b
11
i6
Wi

b h
th
26
16
06
Le
Hii
1y
by
sh
b
Tty

T4
ou
6l

Se0



59

]

oHG1

W R e T
"o
51 HNIWAADN

4 ) TR ) Lahdnt . SA6TLLEY EAR RN Rt sivtrcot

LhA HdS 1 7100 A5 K4S (O [ bl
aHltvol Zituye=n T-nq0n¢ L1201 9l LA S B s k 4
M a7 ud M A n d Vd Tul

AL AL ¢uinld Wils as S 1S A 1TVHNVY v 21 iLsilvs

SELOHZOULO"N

LN V]

S

T

LI |

Hd

s01

Sun

501

S0



60

roou
1060
1000

| <

]

"0

t

NZ =g
VAR T |
FRIARATA

INIVA I

MemIstl “ned

NV id

LI R

AT

AddS

i

RN

4y

ZINE Y7 "4
TIVRenGn ey
OREEY R0
mnug2eyn®teny
CUTN R Y R 1
FITHIYH "y,
LA B FAITA A B |
MOERY GG Y
LA PR VTR T TR ]
CHRS0LNGTINe
EANR UL el g
COUsYL 12w
SIHLIZE N 4 7
[{TACL N R Sl 4
WETNLIL T
by gl
[ AR AN |
HesZIntet iyl
29t 21011210
NaI0E2secnn
DELTYGEL NG

QEHITENGTHD

GEERY 200 "1

127 00%0° 64t

Touie o e

oy Isel oL

TenEZavs sl

NY IW HD I
13 X566 o ldald

ZGUYRIIRT 109
FHLLTUBO Y1650
PSELNGLATHORT ]

SS Al H4dr1

LAALA P T A ]
196 IR hy
Lrnrrisent
oRayouvt "2y
LU N PR A N ]
LU LR R R I 1 §
GOOHG%91 “hibe
LR I I Y SR [ &
BEIOMI L O
LAC N BT ) KU B4
NEGEFZLY "0l
AU O Y R R4
KD [ N U P
Zi¢NVe 902
VA TR N |
GHALINTT %91
TenreEsInTyyg
DEAHGUNTTZ00
MaNE2ZE L0010
1OG0%Y 01701
IEYAN R AT R (]

6H5¢901 1100

SGEDTONITT99

ne2esieimseg

%010z ne

Intienhir e

12999¢0" 12

NY IR WD)
1) 2166 140

CORZLuh T
(R WA 1A
EUGYZNG I E 01

DR N R T TR
e Z0nG e -
L P LA L |

QU126 h

Lhuhae
SOLLEDIYD L -
VA EO{RF A Bt ]
WZINI19uty

SOIREY %S -
RIS P (A P I
EX AR I F et ]

SYLLYOIN]D T
[TV Y I |
09I Y01570-
LansYiin
Ghuil 19t

k-

3!
Hestent il
1Z260507€°0
X006

(L A3 UR N P B
SRLEZENTT

BIDIESINT -
BG ISyl ™y

GEYDELNT A~
UL TRAYL T3
CReCve? -
LZ2E0E8NE "2~

vnats

TIVHTLS )

)

[XUNIFA TSR]

ALD Os
ER0660L"D Tovo=a

VNS o < nd

HIUHIAON *AvOldd 2uzyl

RS LY A1)

HVIVA

Jana 104 STV uviINg )

WS As

unndal 0

10000
10000
10000
il < Hd
10000 HZ "M
10027 ET T |
10000 LT R ¥4
)< NivA 4

Yl X901 51

O AGUIIDR 67669

VOIS NV W

S ATV NY 1 v )

HeIn/nae truy
PARIE A UL R
VIO SERTOGT
BRI OgYy
HOSLYINY " O
GOHEOLYEL T4
LATIN RS B 111
AR P IR 31
LA B XA Ry
LU RNTEY RNV
DETOLONE 1Yy
GRULIGHA T IG
(AR LT A I T
(AR TEUER B )
L9090 uy TR
SOLEL Y LT
GLd il "051
GIIDGIDTLED
MOy i6Hh3I* 611
WZUs0099 90
VISHIGuS v

NIOYZ2ES Y0

SV EE001 "0}

SEYLZ29F6°09C

LYY AN B ]

LA R LY R Rl 114

L2Es% 25y 1 ¢

QM IVA
ainiamg

LU TN
y6" ¢l
we- e

O=H-10 Jvnvd
LTI T N |

I ATY BT P EIN L Fd
YRR HUU SR YRR |
ENNZZNY T EvOL

S5 1 darl

Elyazran=toninay
LA NN R A N NN |
196022 60MAD2

SIS ) kNS

WA INTY)

WIHOUOS 404 SISATVNV NOISSI¥OH™

DONRATNG" Wi
[LLF T TP AR | R TR
DUODI0BE " uh Yy
VOO HG OEY
00DIDYYL L1y
URLINHITIT AT
NOCONLET LI
QI0HDEL T 0%t
ODONNGYD " el
DOURIL G5 R
LU 8 R0 R4
LIS MY PRl B X4
awnonvreTene
nnedvm 0112
0TI 9 D01
20021240011
J00unlerm2sl
MHUTAINIL AN N |
a008us 176l
nazZ1yy s vol
NonZieyat 001
HRITRA Y Ve ]

DODHUEH %]

onvZouintue

QUUDZIvH*92

onngyL0T62

DHIFS REC TR 4

ANTIVA
Urad 1SN

[NV LA EA
7est02ietInt
QUZHIODE“§57(

ERR LA NG|
1
1
'
10
e
57
1
n
ad$

@
42
T4

O¢
Wl
Wy
1
‘@1
41
1
i
4]
n
al

- L T

NOTIVANISOD

MadA
HASAA
LE

G YRV Y

e dA
nhedA
dA

I'inas

[(EEE T MR

HINE TR ]

VIO

1inas

MV EYVA IN NG



61

[LIERN |

yl

LU BRIV LR L AT

NViIN YO
1) 356G HiddN

HIAAJAON “AVOLHD) 24t n]

W

ZINIYLS6°F2Y

NVIH 04

1) 166 M

1 5 AS

ERLICE BTN

s

S A

Bueginsett
FOULGZ D
DLGUEION T bl 7
ononnnon=J-
NI L6
JEav ot

CHIOILY %)

s

STIw HVYIND ]

"'v NV 1T v

5SS HOHA)

Heglorel *4is

IVHIN D

)

S

mniva
niaing

L v s

0 NISUYA-NTVHNO
NOTIV ETHAOIDINY v iUdl) 1SHl 4
MAISHIVLS S add
SIVILS id 034vnDS 10 WS
SINIIS IH O ivyDNS W) WNS
SAWNIISHd 10 WS

onee e 6yvs

AN YA
FRLY N AT

HS

nd

NOFLEVAW IS )

LIV HYA TNUN ) IN



62

G612~
LFesTe-
116 -
YR A
01y Y-
Ingg=1-
nrouc1-
19%1° ¢~
Slln=Z-
605" 2~
(AT
Yv1yty-
sneLT -
MR TR B
naLt2-
oy -
UOLN® -
2 B B
laqe* Y-
raoi1-1-
UL 21 B
FMLY e
LHOY* 7 -
LiEnse--
L A
1hGL" Y-

Wl

Hal " !
‘LYY
560" 4¢
L1902
[ UL B
Tco=9211
2017101
w50y
tEl" Y
[ X'
fou*0e
0e6" 1
=1l
wedt 101
Uiy al
L] TRt BN
My "9t
'V I 3
19 * 0
LY |
fas* Lol
99691
194 6%
OGS
LLE" T I
J9EH

14
1 sl

41

NINA JAUN

PWyIRG 1HTHO L
BI60% Y ' LYY Babls
LA 3 IO HEGGT
MLy [ R0 |
LAV I vesukto
YRLLE" T A AL
L2 TYA B 1oy 1y ¢
tH091" s AR Bl
S4%lL"y 260062
Tty LPSY 8 s
[ 7R B foreutl
bhyul =g SH1Nd D
Lot LHTRG L
[(Far.8 B TuG % "€
YLAICLT S Y aa B
EMHETY 1ouil e
HL1On=n LR T4 O '
DS B ] 1orse-a
L0910 L1460
CHYUZ "9 11916°¢C
150609 SLGEYTE
T BIY1TE
0¥d0e "% vtz
LYHOFH Y LCR A4
Y311y 162981
(40N Nk 4 G160
Wds ]
10%8%5°0 Lo A
LEGTSH™O CTaUSh T
CIbEnb™0 B24¢0010
(83 T4 9*91 32
1656470 1"oree
199960 2 h0N2CYy
Lo 960 a*9%91¢
DIFLG5H°0 B 0050bd
LOBZS56°0 9*6le0é
19LE% 060 CTTUERT
YHEHZRT0 Brantl
FAYA I A vrovh
1649960 A A I
DL1994°0 11621 €
L0660 (A X1 T4
PULTAY i ] b LYODe
Collyh*™D YELYGET
VIRLEH"0 b rZual
SE00670 ok
0L 60 Gryhyy
EHLYI5°0 0Gsv Bt
11%646°50 1*ne9ne
yI0EGLN HENGN0 7
Zilsy6t0 AT |
VREE D oty
HLILDOLD LR R
] iy
fAvUL A DGy L

ol 0-
L6e" 1~
Hbhe "1~
lysys -
FTHULS R
11t o-
L R
Zuyht0-
fonRy1-
HEnp* 1~
G166 7~
HUYGE -
ulfit*u-
SeUGT0-
L R
QOore*1 -
1iow® ]~
016677
GHYY T L-
Lok 0=
€y19°0-
9001~
LY4IL B
Ihiusi-
F066%2-
6NE9TE-

ds

SLH=Z1
06y " 2s
LR TURS
919°02
[ A A
gzo"ornl
1or*1d1
19691
TeL*vws
121°6¢
c0RT07
['F4 " |
LA AR
€eetiol
LYRARY
T LY
Bl 9e
691°1¢
L9etH
2Tt
I9e eol
LALT N V')
[ R
166=0¢
[ 400 I
tIen

L}

S AS LS |

LI B

UL '

sl
4R IUTTUMT

vt *ue l Vaubu0tn
1,011 %100
LY A 4 HY 100
DU THY S (S O B I
Sl bnY BGHYGT 0
[ QELH911 70
GCES0Z Q1M Hut0
gautedt Yluhs0tu
Hesew on2alen=o
PlutLd LT P S U ]
Le6TEHS cunvl1T0
G4hTGGY Fyausl -0
Yah e HOEHLT®0
ZuZ*hhl L2280 70
(VUL A | M53650°0
610709 0%eZr0°0
01%°0¢ 2r1210°0
SI1°96 les1et-o
LT LYY L51161°0
BtETH6E TR 8 I ¥
LAR R VT 12L%80"°0
LIETG2] HLAHGD "0
LI i 7682070
oivcne ZBLZI0°0
Hd S W)
1ec0"¢21 w0691
1239°8 906”11
(LY ™ FLRT o |
L20%"E Oyl Y
oueem1 Ligot1
1ev1-61 tolL*92
¢639791 G6ehtee
616971 £9%€°11
G200 Loly=21
Es6l*Yy 100018
DEEY*E oLiL=w
0loc-1 (AN YR |
YyEET6l VLR IR I
e6dl~ul 0Eab2d
(AT | VLA N
LTI ] [P 6Y S }
e 009 bilbe™h
Af Lyt 100"y
R T | 2l
AT R | HEyn*0d
IR DR | a1y ¢
910421 [P A |
eyl T sl
HHIE ™Y ERLY ']
| T Ulbh* Yy
d otk *1 Y ET A |
A b
S A 1L v NV v

U161
LYY R |
Bluyul
1hoety
lte®?
TR (a2
290nT 0t
SHI0E ¢
(LA Rl |
4eve ol
56L¢°9
dlue "2
18776
CARRN 1
Y69 L e
GL6I9Y
[ALLZ N |
PR 1 ]
£916*2
LY Y Y
Gys0 1t
LS Bl 4
PIF A RSN |
HSOw* 11
Lylvtye
Zoia*e

2N

—— 0 B PR, R Ty MUY T R A M e

-8
=

1S 11

v

SelveGounti
ETR LA TTE IV |
L ZIenenosn
<cHIvL000®0
SYTLHGUI0%)
LOLGLO000%D
6scU700000
GY%dtvCOL=0
BZRHE0000*D
SEHBYYO0U0 T
wiesnubo=n
(RIS BT T T A
1y1420000°0
e Zusouun=d
1oy e0oou*n
U6 0GLOU0 D
629y 0000°0
SYLELG0000%0
CZ0%%0000"N
064700000
LOGRLNOODTD
GENEYOLOO™D
SEIGEON00D
L9964%0000° 0
11ye6000%0
2000000

130

SITR*0
eleta
LPATT0
0lan-o
060
LYYt 0
5¢9%°0
UHHE®D
Yl147°0
“051°0
441370
0620%0
SHI9*D
HHLG "0
uLetn
UL YA {]
0es1°0
UHID®D
04400
465970
A LT R
GG9€70
aueeto
LN RV
(UL Rl
NGC0NN

- — o o w0 B NPT

-3
-

das

LVAHM 404 SNOLLVINDIVO MOTAULV

TG 791
oton 11
AR TI]
[0 R ]
[N |
O1lL "9
T9eh6*2¢
[N |
CAR A
L9 IVE Bl
LNty
[TV I |
19294°49¢
E IR AR ¥4
Tsi=t
201210
Lhvd *H
LooL*ty
[WEATR |
UL R
[0 L '
9csy 1l
&V Rrd |
Gl =8
Z2UH*h
tlbu®l

Hey

PO R i)
0¢se 0
0npr1to
o1s0%0
(AR TL X PR ]
0699°1
W |
0teLto
(LA E ]
[T BV
Ous 00
nHoon=Q
olne=1
[V Y |
olrLto
coreto
DeLtu
[ LV Re] TR
[V NV R
VI Bl |
0len i
LR Y]
OdLE™0
Ochl1*0
olYut0
ootu*o

Jd

9
<

Y

(44
12
0z
Gl
61
L1
|
51

Ll it
- - —

_rm DD > C
-

v
=
-

9l
e
¥Z
[ ¥4

12
oz
61
81
i
91
41
v1
il

- L e O
-

Sul



63

oesg -
LA S
ﬁhh.__.u?i
nREP*| -
C0t 7 -
GEOe" ¢~
VTR LR
Evrintt-
[ELIY KPR S
Hrgwey -
ALY
LR R TR
[
ME5°E -
tNE6L2-
$L26G°F -
WLty Y-
LT IY B B
THeH T~
enEete-
1409 2-
YG06° 2
260G €~
VIR A2 2
LV Y Bl
Z1IhT 1~

K1

lle-ete
oyl
wyy
ol yol
cyutun
LOO™ Gy
F9L" Iy
el et
05201
(LA |
Iy 210
TOE ® 96
%221
(A1 4N
Pt Y
N4t hl
Phby*y
nLe*rol
1LE~GE
6169
CLEs iy
Lt /q
W .u * u. —
AT e
oLzl
LA NTRATN

HY

QUL 4 MANWIANN

OAYlu*s
GEN6GLY
0424€ °F
9LLSTY
0L ¥0E "D
Ot Tub*y
GLING™S
0as2Z0°6
B29GL™Y
G246 ¢E
Q0%
LA LN B
26400
SH¢0n"h
Z0tuuty
noéecey
209107
taulyty
[LTaTad ]
S1dhdts
IaGHhE"S
QLLLIH"Y
ALY ]
0910 €
LYuOn=9
Thehl ™2

NdS )

1460%5°Y
LOraest)d
It6uh6E=0
$29%95°0
[VIUTR R O]
1026071
Yhibhah*0
LOROYG"D
15945260
Tebs6d D
BLHLI600
DELEILTO
BHIRGHT0
sHL1Ge*N
SEBIY&T0
L1¢1ent0
Tfeque0
1 AU L]
29ME95" 0
THSLG6D
HZULLTO
L4¢T1Y5° 0
P2 N N ]
(RN FRIY Rl ]
0Z6e92€E"0
[T A At}

(]

‘Avuldl 0%

11520°¢
OO R
CRTA U]
Awbht=g
L&o3reE=
Yheldh o
PN T
VA RN g
19200 "1
R AN VIR
LTR Fi
nowwe e
1010t
(AU BY s
Hl26e "¢
LY I |
LIRS L]
nsay g
FEUGE Y
eLEnnTt
AT N AN
Euoue 2z
2211101
qanlye 0
WRGPGTT
Gelrete

24

ETELDLT
(Ll ¥ ]
1o
GUIfIBE
1t de
0 50¢he
R*a0211
21l
2 G619
4L
17¢hal®
U 6LRSE
0 0049 ¢
w=zoveLl
LRt R |
w111
1=0r1e
[ ALY
11646
LY1u6s?
111081
o*ualel
weized
BrHGL
CrELoey
2°0%00%

ton9= ]
6loy=a-
Y40 B
Zle 0=
Pl (A A
9t L0~
A2 00 B
LY A I
Wkt " £~
LA T I
LYOET0-
GLT16°0-
GUOHT0-
Jaot -
6loW "1 -
(4 L e
GREY E -
YORETO-
oY%t 0-
1¢t0-
LNt I
LA R
T4 A
HHUY L -
v CoE "0~
L2160~

451

OLE" ¢l
6HL0"Y
[N
Lot vol
GEQ AW
0075
w92 9N
U 4 8
LeZ @1
R L]
Hiv~dl
LAV 1Y
Zuecet
TN AN
%6 %
[l M |
Twe*y

[ YA T |
B9t "Ll
181°69
NLe"1y
fLlcdt
IR R iR |
D}
one*ctl
{8 I BV ¥

5%

wed " ng 1
arhwted
LY T
RIS ')
QUL *EHS
LA IR YN
G164
ha2*?al
961l
vl ue
LU Eng
P15 9y
Gl ¢tt
1G*z2:0
DLu"Ey ]
[0 N B PR
01y 0z
NLe* 212
AR Sl 8
1¢5 b
Béy*0ee
ove el
I L
01y =de
LR T
Yen b6yY

HdS

LI S
Drin=¢
ogez-\
1net=1
veds eyl
ouZl ol
156271
610€°S
11107 ¢
o[zz=1
PZIGTH L
LehH*S 1
Ye2tt 11
BLG Y
L99Ltg
COHL"L
onge =1
US|
LORLyT
065" 11
Levu*it
[ LAY
Usud ™t
LR IR |
oY w1
Ly tal

A

S Al VN

ESYbh 00
[T FA RV
Aagtro®n
A L2 ]
209y 1%L
Lttt %N
Ol o*o
1oLsN=
OKHL O
91100
BERILLTQ
65108170
git0l1"0
Yoredotn
Theiu0°0
HEYLID O
LIS B KRN
%21691°0
LEISYT "0
I¥5201°0
NHHELO"O
922060 "0
n%o0f0°0
evetio-o
09w211°0
206L%1°0

Al

10%E "1
BOHOD"Y
(WA A |
qoLTEe
GE96°61
EO%L %1
Ltotw 01
obwite "L
THET™ Y
EL1e9-1
2406672
Litv=1¢
LA |
IR |
0fdLtd
PHUL Y
ELn9"1
ML e
LE'T4 A I
EClyTs1
LE% 01
Saevci
LHOY ™Y
LA BT |
f719°6¢
1ésut1e

b

v v ol

Luel'h
ety
altl® ¢
Ll
VA ¥4
LA RN |
vyl
G179 6

Lestud
1241°1<
v 6l
0aes*ol
LTIV ™
BLEL*?
Aeen"2t
bOuUD"He
216°0¢
LR LTS |
1eYB*6
LAN EiR
PO L
WG "L
Evil*be

~
—
o

—— PO PN N O RN MM T T ) o e e o e e B D, Ry

URE]

s 11

Ly 0000"0
Isu4G0006°0
ST 60000
%2 20000"0
LOLOL 000U
62000000
SHYCHIO00D "D
HUELHYO000D
alyys0000°0
EV AR INTU AU
1590000070
aricZouento
(SR AOTAIT VR ]
GZCOY0N0D 0
LT R A AT R 1]
BITYL0000%]
SYlLY60DOTD
YH0120000%0
ZHGHLO000"D
04WO% 000070
HOT%00000
SOEH%000U"0
060%50000% )
Y 9600070
GLER70000%0
BlrO6Z0N00°D

190

SHvdl*n
(VIULA VR )
usento
Oliv* 0
overto
Gudb™D
LTS L V]
Su1°0
SL6LN0
0sto"0
GLeL*on
0v66"D
uiro%*o0
[P ]
Ly91°0
SE0O0°0
040
Gu6/"0
aoew o
Vednt0
(1) I ]
(18 IR 4
couaTn
nssnto
BT B ]
[NEAREI

O B M NS B0 OV N B BB BN N P e Ry o

(] ds

L

ULAR TR ]
W06y
(TR A
[ iy R ¥4
1290% 061
wowd * w1
THey=ol
(4T Lr |
VHEDL®Y
GHKEI"]
ey 62
cHEW 1
[AFS T l |
20611
LA WA
L9 Y
Lupstl
(A RN T4
02e91d
6LIL*G]
FRIDITRE TR
Wi Tl
6Lty
(AR 7|
OF 1Y 8¢
EEun 1

Hno

L1 "
0%%0*0
Nyui 0
ou4t *1
0016°)
06k 450
(R YR A
0se1°0
0s%0°0
[(LHL TRV}
00181
orsi=1
0EaL9T0
oLt *0
0641°0
00s0°0
O8ou=0
DAL |
oae =1
orl9to
000eTu
ouL 10
0<duu*0
SHo0"0
[IATERR |
NLYL=1

Hd

04

41
1t
Ge
he
e
1e

1e

Sun



64

Y19y -
LIbut1 -
IFENT & -
Ml bhe*"2-
OLen -
GHOT"F -
ey e—
CmF-u.-\!
GloY® 1~
Phu0® -
aGlv*ti-
1210t ¢~
GHYLTE-
1601 -
(LY A
aghvyc1-
gLnns -
YET1E L~
L A
1Py 0 L-
Lovarg -
ariyu-
SH16°1-
100" -
HYOf "¢ -
PTHL I A

W1

L2
21106
10L°4u8
116765
YR{ " HE
lestie
ilvs al
Los Y
ARG
Ivt=ve
Lyu*09
HOE* LE
st pe
Heon*s9l
LovEY
JHE 0]
(TR R
12449
(XA L
Tis=1f
IR AR
Hhy ™t
211 w0l
[ R E
O1E Ny
HOPTY
HY

i 641

YR HINRIADN

9ILLETE
He§lG9
Lhy0e*Y
Y5 10679
fnlov s
4OH210Y
T0H0E*Y
Ns7%E"L
LE2ug=9
tCHYE"D
20N TG
HROGL "G
“Hlknty
Q6962 Y
gttt
9966 °D
Zecle™
Yh01lu®s
CleLst s
928 e0°s
209y
LEVHITE
AR
Seasesn
RBLYL*S
50867

WHdS

GOYHEAE 0
O¥9EIH 0
TEL14670
002%54°0
Yook y6 "0
SALUELTL
298026°)
YEZU6H"0
042950
SE1L96°D
CHbLrah 0
LOHSHYLT0
SeLNESL"D
QHINZH 0
Bt L0BHT0
106%95°0
SHINGB"0
JHIIGHD
ENNeH6"0
[P T LT ]
L] 4 R}
LLias6870
LT VTR
Bulilde'0
HIE95L0
Hyui 60

)

CAVUT Y 0G3h

1001970
PSS 11 B
fEhhETE
LT
HYEHY "0
T N 4
GEdYs Tl
5G40
2T B
TIHE "k
ZHINGT2
IR L
borir-¢e
11216°1
L0
HHPT L "
726174 ¢
HnoIG* <
Cl6L9e
hluves?d
B21%9"1
YHLOR"0
RLZ9% "1
uuréd e
VYN Ny
1uevatc

e 0lee

B 1E59¢
0161k
astee
“ho2ul
‘62071
TR

“HUEZ

"1EG 9k
“qaG1¢
9532
URAAR LR |
szl
1955

U hitd

AT AT Y
AN BT
§°GE1se
R AN
el
2ThLEY

1"0ild

(38 8 YA
O l%Her
Pl P4
LR MW

MAST DN T~

s LY

ad

] K11

21y r-
516l *0-
A.—.ﬂu-\u.‘-l
avy U=
tlret -
[ I B
[ 78 N g

FA Il B
2310~
9%k "0~
HUHL 0=
ubiet -
[T 3 Bl I
bi0Ow* 2~
PRR B
SHYT 0~
1 8870~
0Ovel“0-
JHenti-
91~
vy 2-
9y0NG* ¢ -
ELE B
GLYe "0~
0641 °0-
4 B

ds

0er*9
601786
Ae9°GH
62566
A7 "HE
812
1%5°61
Y049
LO1°Bb
byl hi
S%08°09
CDETLE
9t6%1¢
120791
YOy "9
blt*vol
%671 H
(LR Rt 2]
[H R L]
(G R B
YR N
1%
11201
[V A T 1}
U2 | Y
Zh9 Yy

M

5 AS s 1

v 9

LFRTRN T
HUG 9%
IR Y Rriie
s e
HHl KLl
e

bibtud

[T S )
LR W
116" /L
1Ly end
BNLHET
1yl

LA R 4

rer "ent
HhoyttaHG
Ciuc 10k
YhO "G
L9yl
L0 1!

caGYHe

1H6 66
C9LTGIS
gurTLuy
Ouk "a?e

WdS

onio-1
B16T1°91
eyl =nl
0IdH*H
611E"9
UVLS T
BG95°¢
01601
Y1611
16BA°¢ |
%00l
L L]
bhhG Y
I e
02490°1
11n-ad
Zh14° 41
216901
L9391
COGE "y
oweir=e
OHee* 1
U R |
LY EL RN |
Gl *nl
66211

A

LA IV Hh

sk 6000
THADBY G
glu2C1°0
SleM0%
Gauin0 "0
R Fa TV R
¢altluu
SQI500°Y
FRILT RS BV
U201 °0
15620070
YRO090 %L
B0 2500
P he 0
Gd1500°0
Heb6ra1*o
07yl U
G060
Q1902070
steldyoto
SecYcutu
HI9ELT10"0
Zi1evitu
youet 170
YHIOH0*0
SELl400

W0

(PR L |
Olweted
DZey"61
1¥6%°E 1l
gAY "y
D%w2~9
L4
I X4 |
Diyveted
eietel
1re"f 1
02168
LA T
EvE9°L
AU |
[*FA L0 W4
4eu6Th1
LI A |
ER L AN |
Ta%1*2
ALOW "L
tlav ™1
Glouts s
geI0 0l
Ol -y
61HG 01

vl

v (I T I |

FRETIR | UM T VR ¢
Fals"6d wRIeOua0tn
télLTae PalIfQOL0OD
Lren*el tHE2ROOOU*0
Orla=11 CRILEO000%)
T1a¢" & Yal0soonun®y
ulty HBLYSOURO"0
17ehtl PR ¥ R 1SR ]
LL6* R CH2HSLODOTD
RN Ay NeLTyO0OLO"D
Wit HI %0000 0D
ts1at1t ittt S»0000°0
1Tuz*u wR1050000%2
00cu™y veursoaento
192671 L198911000°D
FEITHIRE N Zinz2o000"0
[ A E40LDUGO "D
et 6] 0y 000070
SI9H* K Zasevoounto
2% b LIRILO000 D
Yhol®y Hlsys0000T0
giee-2 C91f¥6L000"0
G116° ¢ PEAY R4S ]
19%4°92 1590000000
UYL TN | 19190000 ")
(AT Y | neLenononto
713 10
k Yy OtE0*D
Z y OYEH=U
4 L] 0udLe*0
Z L Oh%% 0
< 4 oeeseto
Z L] (}1F N B ]
Z L] 0lap"0
4 % 0Ust0*0
1 4 LOsH"0
1 L} oot o
1 Y 0is%°0
1 L nt6e*o
1 Y ouitl-o
1 L OO0 0
1 Y teeaty
[ 12 (L1541 R
] L wlil-ou
L £ QU AT
E 3 (3110 R
3 t (VN RYR Bl
t [ OIHN=0
[ 12 umncn
I t wléunto
s £ nsoL=o
4 3 [TV ]
Z v (A4l ¢
did Lut d%
1 S1 Lv 1S

FRTRTION |
Wlwe “cd
ZrenTil
9% 6yt
FA RO
[T
624 "¢
R |
Gl%e* L
LI "6
Qiot el
L 1T ]
IR 2 T ]
Gyt
(SRR |
IR L 2 4
tEvu "ol
SHE9* Y]
0Zsytol
LT3 )
16Ut
6HB9 "1
e
v 10*0d
GOlu*yl
LHRG =01

11171

G400
aouETl
[V PR TR ]
[YIVI*R ]
oue1°o
uoan1*u
0eLu*0
00
oozl
0OV6L*Y
(YRR
noueto
aoulto
(VA N i)
usLoLto
LIS Tl |
042570
UeEs 0
DeErLTo
0ol o
vo%o "o
VHLEt O
VIR |
04460
ooy *y
[T ]

vd

Ll
L
91
4l
i
[ ¥}
[
1L
01
L9
()
(¥
9u
L9
L2

9
m

Ui
¥
1
SL
Y1
€1
<l
11
ol
69
B9
1
99
%9
%49
(2]
29
19
09
by

14
9%
Sy
¥4
(24

SHu



65

1oL - GOV Y 1068 "€ vy
1een=e- LeabeE"y FAR il ) 19
HI6L"2 - (2710 29968 ¢ 1%
ObLtR"C~ Zlusn g LI R oo
SU91"E- GOLENLTY goril-¢ ne
T4 L19GHZ 6LEGG T 26
WO WdS

112z 1sh9* b 595€96°0 D911 9¢ LI A )
ZUER 61 SO0L Gl 1CELD6°D »ENIGIE 6216764
LT | 1157 hG 00 HS6"0 1 us1ee (U0 -1
Ztywth 1%NZ*Ly MhaH%6°0 B4l nl Bebd" Ul
E gty ElEst e LML 0 718201 LSLs 1 e
LS Tk F1 (PR | e lZnto I*niiy U Y |

(1 HM 1) o M
Y CELHT %1 HAUWIAON "AvQ1d4 26:%1 W11l S AS ST S A

L1°0- WLt GE ouZbyl
SF°0- ey 1ls s20011
61 0~ 106980 G16060
52°1- LT I 4 UGS O
L= Al "nel #2020
02~ (4] A2 LeNnlo

ds1 AdS Wh

Gel1t91 s241°¢2¢
[En1=H1 PFARLAN Y |
Gl *S [T W |
[V L ] FLIRTU ATl
LT DR A TAR']
1609°¢ RLTARS

A ]

v NV Tv 21811

=0
=0
0
"0
"a
"0

Mmoo omo

ddd

6LLE LY
tene=ye
196811
0E16*1 1
1kl d
S YRR

210

E AR A g 4

LasHacLOoD "0
YHHIT1+ 000070
LEBRLIEO00D" O
22Ul %%00u0*0
HEPL1 05060070
torysounn=o

190
DOy 0 061 -1
noue o Ccesto
074%"0 nee g
05120 nuLi1to
voLt=o 3100 B ¥]
GGHD N YLD O
ds ud

S0

LT
e
Zf
1
Lt
Hi

Sun



66

1000°0
1000°0
10000

1 < ud

m_h~rrm=.smw
KV IW KIS
ove et

*ATD

1 nes 1 vl

26Tyl
IR
D99

ANTIVA 4

1251660

121506170619
inledubtnes
OFevet "ray
BIH0696L L9y
c0asdyet luy
ROPA A PR B
LSl uheeh® 15t
LIEE6UEL 70"
FRLILYOL YUY
EOE9EIUL "
LG9 "L
1Hiz600%0 " 16¢C
TGLGEIHY "4 2
Chlul Y06 14
celIsHIut102
HSHLEOIY " Gi d
GHEIYOYZTLE]
965232966491
gOIHL 110 %L
CZEDEPLG " 06T
thiv1eL7°sel
CLT YRS R 110 |
FOYRINTE e ]

COLYLIbY S

TI6ELIGH0O" Y

LIZH69617 It

HIAYERL A BT

NViW H0 )
1) 346 bvlddN

SH197658° 06896
ZivirNsB 20uee
Lol Zlp tuibel

5S Al Jdaid

L2409 "L HS
YELHOLSEDUTIDY
11986200
681 1499 214
1080099719y
(R TAE ] T Y
02y 1091t
LIZ% bR sdy
TRI0099E°99¢
SOHENIBG DI
11ud262uB%e
HUNHLO0LT*9LL
PEOHOGEZ IS
CARTIT S Rd ¥4
LilplZoet /vl
1evenev6t21¢
1610202971011
Iis1lsu0*anl
VICFRL T IV Il B U |
YR IS N AT AN
L153F7206°u01
1okl

SElL0IBL"YY

OIS TE RE ]

OLEBTILZ2"9T

JekbRUILTBYZ

QLAY YHGET 6

NV ia H0)
17 166 HIMOD

1RLL6NES L]

A1l

vnns-« ]

HAIUASAUN *AVOI NI 5]

1000°0

LHEESTIIIN Y
U R B R T
LI O Y R
afonmonuT i
et LT w00y
LR FA Faad I B
Z1G4%°5,69°0
COLTELZET et -
g1t iy el
LoWE R R Y E -
(RN R )
DHIGOLEY b -
(RN IR R |
(MR VY AR A
GloRILaGt
YSRGS "L -
(OLEGEST"Y
AT T
Hotivaay =0l
AR YT AR R
Siwelue=1
yO16% L0 2
HioZiufe*l

A IR L AR =
151ucnev=0-
ZEes o
t2us089¢°2

wwnars v

Tiezivei 10000
val1206°8L11 1Tovo=0
SGH06G LWL tovo*0
JIVHILS
10 duHyl aLs il < ud
1 10000 4221
| 1000°0 LIRS}
1 teno*o 68099
40 4 < ud ANIVA 4
2416505%°10E
L9261 € LE20%20°ELGIFUL
NIva JAVNOS NV A

IR 4 D0HS S 100K HY INI

W3l s ASs

S

Al v NV |

VOAvHAND

vara

01Vl " vad
BIHHOCEd "Ll
Li6tZeuly ey
Yo 1610H 156
AGTS W E R PR ]
YI0HuBEY "0
BAYPOZ2L "9LL
ZYILIGSEE “nEY
LML "Lt
SO TLIE
LAY 666" 194
Ou 16 "HeE
YeullGud anz
LODONYEN T e
[T T Y Y |
SHOBLIGN " w22
1601 MG 10T
E9602%Z0 %541
w1653l
FRARLIF X R R |
SUGPLHBD LT
FUY R FA R

LELOLL AL "L

CILLHSLE "6

Tulg6ull oY

ETR4. Y4 Faara?

Litgotuncve

AN TYA
g41710tdd

s1°t1-
19%8
(31 2l 4

O=g3Invavd

0H WA

LY 1UOLGE 08
ZIMEENSH"Z0

1YY 1059€ 5298 LE

S5 1 ddrl

iRy 11T 296001¢€

QYLILSE9 U

HODLDGI0"6L EBIE

S4dvins gy

M

51 1Ly trs

LVIHM ¥04 SISATVNY NOLISSaUOHY

ARG
wee

DY}

WS

vubDZ1089 L yYy e
JOOHAHIL G0y e
DR0INZLRTIEY 67
aopZrZunTany ue
DIJdRLE I T, e
(LT TRV B R ) (44
oopeInl eI I1¢
J02406NG G0y 0z
QOUHHIL ) 0bHL .1
DODHHKIZT TGS il
QDONHLTL e i1
000N Ll 21
VDDNOtEELOe 51
00pZI0G% "6 2 Yl
popzilere=sue ol
oounuIYL 21 1
J00aUTYZ2 Y01 1
200duGHE 091 01
HUL FA RN | f
000ZIHIL"FEI u
OCODOHLE "B 1
0002086 LG 9
oopZoeswne® 1w 5
aDpDOLNGL® Y Yy
DDJU9AGL " 6E £
WELIRE N RS é
DOUZI6E*Ye 1
INIVA
[{RLY ERSiIR NOLEIVAR]SUND
Zd01GEBZ2700E - Dhied A
159066965 LE98 WAsAA
109C26%6"ELGS dA
JAVHI LSS ddldWvivd
1 IWEdA
1 WASNA
1 dA
40 1unns
He WLOL 0313HH0NN
G¢ dlddd
12 140JW
40 12dN0 1S
AdS 3V IHVA INIANAA TO



90uibltlate 0 NDSIVM-NLItUNG

112602%y "0 HOTLIV 13440301NnV ¥3040 1SH1 )
LCRLYATA R A LA 1] DJNASTAVES S544d
0000600 D~ SS Huydd - SIvNOIS 3y OTavNDI 40 WOY
SHIL5E727HR) SAIVNIISIY 03YvndsS 40 WNS
REEYR: 1LY B Swnuks i 49 KNS

(LA T A R WA I ) 1626921 el Leuu b b "d - 126241 " R069 oneoo9L LTSk e

NV Il u0y NVIW M3 nava AN 1vA
1) inb Udddi 1) ran HIN) ) wnurs id Jildluhid TIAHISUN NOTAVAY ISHD

k AdS NIV IgVA INJONDAd0
JUNUNd S VRO I INTT IVUINGD

WG 41 AW IAON "AvULAY 2G3%1 HilsaAs S1 S A VTV HNY L e I B U B B A B



APPENDIX II

VOID FRACTION ANALYSIS

68



69

Cut |

g

R

IADIN

AV

uhivl

h

1

TWISVd “d0da 3UNSS3ud JIILVLIS = WdS
3 “NOILIWU4 QIOA = dd
s/w “ALID0T3A = WA

FANLYTINIWON

V182 & "IN *Adv)
Lood X0Oh

J104LT Sys

SONTL JIDLVASNLD Svy

SO N E SIDve JXINIMG ONV MO L NV SUNTENIS 94T 008 1a1d

J1Mida anli

PR LN L T
(VAR R M E TN

WelhdeWddSd o " o= ldsHdSH 1) Td
Ioa® ez ddeddS LD 1000 D

¢ DL T SIIVA JTINTuG ONV dubl GNV SOMHODIS %271 0150 w19 140030044 1L
THAL/SHO LI CSOVIHVA 1 DbV SNOLIVAR ISGD U SVl HINTNN0M 1JS VIV

1S=1vnalS g WdSd=030I10 Tdd Mab=100 L0dinag
W) d INLIN/Z KAe AAsWA WA =4dS 130N

W10 Dddd

SAHZYT ONV SUNODIS 170 04SN 1N iWILVES vivi JHl
CHALZSHD TEY “SITAVIUVA S OHY SHILIVALISHID KE SYH UNTAWD MN4UN 145 VIvD

PSAuv)
PuD6IDT0eA=WA
".s.c:_:.m-:,_.u.
.

TAJd dS INUNT YONTADYL Vv

TAAGLIS LY WYHDd SNIIAINELISND NOTIV IV ESNT 34y
TASMIONSVS I DANS TS YS = duVNSG ST gL

L w1208 100G0W -1 JUNYHD D)

XL VINIONTNY W

A5 AWM O EId Iy 30 U NaHS JOVSSIW STHI

TUTL D by SEOSMIIN SNDD LdO) #dHM

AAS Saiun dpdvd 19OvSSEa WL ST SN

TALESHIAIND JIVES SVYSNYN LV SVS 40 VE'64 ISV I L ha HIabn Hew N9 Sl SSU1000v aor iy

P S AS SIS A lTY NV Tv 21 1% 11Vv1 S

HOLOVA DNINDVd DNISN WVYD0Ud SISATITVNV NOISSIHOHA

1N

I

Lt

SILAaN

i

Yy

£t

11N
1L

- -

o

LN



70

LRV RUY PR AN
[ A O U S
(AR NI T ]
TGHTTSs 048
CROouwd 2 %e s
RN T T PR
Era A N
P AT RN |
PRI
(AT Y
CIHEIS M "0
RV A RS |
HEGHGAUD S|
Fl92vLuy=dnd
SLGR IO 0V
AR R R |
YeR 121946001
LEGOE L e " hb
THIS R 9280
LAEGELNL ¢t %L
GCIBNGLL 09
[FLIA RS RPRE Bl V)
LRIV T TRV PR 1Y
(ARELT AR
YN R NN TR ]
gty ht % Hy
Clrvwsancie

NV iWw Hid
) 246 M1dan

1aeato
1ene*n
1o

1 < vy

IRAFNY

LIS U 7R

S5¢iBTy

AT

1 (125N |

e

e !

gL ineg

LUALRR TR

e

YUUHESH T IHI0C
bYUSTGHI"1 %00 ¢
YHLII%L I LG

JN VA 4 SS AL Jdry
WHGILILTH
AL) Mis
L1660 0 1ees o
vahs-u poC ad
HHIWIAON *Avl vyl W

Heudddiy 294t
FULGESE e e
DHEESINL " uy
GIWdRICITHRLES
KARRTHIIrS RN I
Wrrrengs ete
VI LV R A |
ey 2du-cul
HOYIGHGZ 9]
LA e A N AR B |
GEOUNE LT 00
HOBZ4v 02 %1
PAFAUA R IR |
tasneeyrt el
IFAT IR R L
1%ty "
clueveee e
YIG0YIH0° 16
TE900uG "¢
CUNIHL CET 09
QIvIETZ2L9
LYAWE 2 R AR
F EAF I ol Ll 4
LSLG2E99°LE
I91YESLE0 ¢
YEGhbIOL 2K
LGEIIARGZTG

-

Ny-IW N
1) L1s6 Wik

Qudnsiu
GUbH L
ROIETIRLITN -
FIF Y R TR
WEAE 2660

(S A U TR B
DRRTEN W
L I IV g
Prluwstte*n
Gl ety -
dabuliy® }

LI B3 RV T PY S B B
flvwetlv-o-
Dg%0 181 -
sltylak ity
BOcZ1I262 Y-
t'viotu~t
19491 9% 9~
HE0OHCZ* DI
PRILVISHD-
HednsOee =0
SUNIIBey Y-
Otz irie*y
GLOYTHhGL" -
Creysupp-t-
L1y%i6e2l* G-
S12evibuTy

vaals id

GERLE LS GOL 1000"0
SYHHEYEY T6) ¢ 10000
LEes0ed = tne 10006
TIVHILS 3
A1) uiHHd QIS 11l < vd
1 106272 2 L8e
1 10600 6O YT
1 10002 GG It
1 3 < Hd INIVA

[ AN

NMwvA |

Jant 1 Daae

11 S AS 5

NYOD 404

SGENLMLLTOL

2elyGIs 2740100 E

AVNNS NV W

ST dv il v lnd

Ty mnoy T a1

oty S yhy
CERE R DV L 7
SULE T YO 95
LODYGLEwY Tyl
Livisebutol/?
MR Y B 4
YHY L9 wq T
(IR VIR I R ST |
LOCESOIF 9]
Salhtuey "uvl
[0 R RO N |
CLOSLO0LD L %]
PLV2t BB 62T
R ARSTIR Tl |
DL GHE T LR
HIZeTvuk *011
ECIYHIZY 9
LOGHRNI) " Gh
RITTO S R R
WOLy152 02
2y GGLE 09
HEUIIG0L " 6G
0610t%2) "%y
SHOYLGY) 2y
WIS N A Y
| WU BT A
GenhGerd Tl

AN VA
Uil dialva

ht -

SRR

Yo%l

O=u 41 3nVadvd
0H dirg o

quUELsSeITLuIns
bYHS L6l w02
EORLCYET I oGl

S5 1 ddAl

tleandivcliudévn
LIHERL Y yGT 1
ORI LNH 9 TLONE
[TTARY

Savnags g

SISATVNY NOISSHIDHH

DOUUMHL S " UL
QA0UAG h =t 2
1] ER TN P PRALTL W
(HUFA LR R ¥
INVD0LELHEL
anoe Iyl ~wng
RN W E BT RN |
RTINS B LT 1Y §
DIVIER RS U |
U IR E TR A |
BRNICHEATR R TR B |
IR ETR S YV R |
DO0ZTI9e L bl
onpsleruvt1zl
(IR R R T
auRNOZeE T 901
ouoBuwleyTtol
(111004 0 R T ]
JD0IO%6LE 69
000D0%6E" LY
200300821y
LoBINYIN*LY
2000% 16E" 1Y
(VR T4 RPN Y
[ T TR TP
D0UeLILy TGt
onoRYDE v LL

41vA
UdAdISUY

Y
T4
(T4
(X4

1<
0d
4l
1h}
11
kA
|
41
(R
21
]
(41}

ATl el =

NULIVAYISE]

e 76 1ee 9002
PARTRF L AN R Y]
BlGeZelt e

JdeAdA
WASAA
nA

dLVHL LS ) AL IV HVL
1 Jd ed A

1 WAedA

! LIS
40 1unns
He ik O IdanINn
ad il

f 14114
i Famnas
Was t4 v Iava ENTGNSd 1O



71

EAR N LY a4 U NIOSLIVE-NTUENO
19 1ergo- HOLIVIAdaUdDINY d308 144l 4
121902%2°¢78¢ LIS 1IvLS SSh3dd
100200000~ SS abiddd - SAIVAUIS TH QIdvNOS 40 wns
Olachr e wsed STIVNDES 3 d4dvnDS 20 wWNS
e dDVIR" L~ STVNUTS W 1D WIS
FROD4L90° 0y 6149604 % 1 9 VUL TR TR B | LR T I B Y onodnaIw® 1ot e
NVAKH Ay NV IW bl INIVA ANTVA
) 3%6 dlddn 12 1596 WAIMLGL WS Jn O I0ibed JIAH AU NOTIVARASHD

AdS E1 TV IHVA ENUNSd I
VA 2ihidg ST 1004 dVINDETY vy INID

S 1T o1 INWIANN *AVO LML YhE%] W1 s AS 51T S A 1T vnNVY Tv 21 LsS1 1 vas



ol

199010 /71 VIR T AT )
LIE R SR S N AL ! LXa LIRS B
(PRI I SN L] AR RT D R R Y
R A R N INITA VYR RAITH]
(RS RS 3 S 3 (VPSR T A1}
LA PR (N B ) ! LY LR T T TR P
outosulateir I B RS TR LR}
THEISE092 18y L B I Bl P R
BE6HIY7ES 00 PIGIRERE 600
110%2%60% %) ¢ (F212720%y ¢
PRLGINEN TN Myo60gre 1%
FGOLE TUY "7y LR R TS Tl e
(R LA A Duh500 89 07
U4 S TR | 'Y TeZetvuoTont
GILCUNL T RARR T RA VT |
sqslnrquL=ied HLATN U A R |
LI R LTI LR T | [WFLUEH"061
HeuyzZa e | GCHPEGHIE TR
XS LU RN ATEN | thivyao 20l
EOUARIF RN BT | HAls900" 70

MITGS2E"HO menIorsc¢o

LA A B M R 1] [ AR RTIRS ]

ZNRICOL"C R CREEGNGHT 99

CISHOTNIY "uE tezvsiotir

1217401 %" HE 1GRYLOLA DL

Roys1CLY "0L CIDOLUWIG 2

LLUGER Y B AR TR TP LY R Fa I

A Y T |
PR TTILIRS o
RIRLF a8 R T
[ Pl I TE A
Whl ey
CARN NI T B
[ARLLATAR
[T SRV I S
Whl v inh
Gaihhvey
P0G
Lisisarn
LRI N A
trrvojon
LIYsnoey
SHI Gt
AR 0YY
195 1500
unLsuezt
(AR FAT]
27010 (4]
Oy Inhs
LN B A
0% 2E0%0L
SUSHEARLL
AT4 1Y L)
AR ETRTV

e
‘M

il

1e
o7
"1

.
1
A
-
.-
Tl
kd!
"1
-
"9

“H-
it

-N..
"t

0

e

"uU-
.-
-y -
-
.

10000
Toon"o
1o0o=o

(R T]

cuhl
Gy G
M Fose

INvA |

nyorsénr 2t e

NVIH W0 NV IH HU )
156 wlagn 1) 166 dIAN) wnagls m
LEAA AR R TR VA
aorizioD vsnl
FARATTE (0 1Y ]
JIvKILST
0 uovad ots
1one*o 7L h} LALIsY0 00\ 1 10un°9
oo o LR 1 ZOLLI0S6" Y1 EG1 1 ono*o
lone o 6l 0STO0EE 6662 ] oo *a
1< wl INIVA 4 SS AL 341 B} 1 <
Wit 1601°6be7 1532240631
NV A AdS A UES
G101 HEI266°0 10200 [ A L 191801
AT ravnhs- 9 I <A miva Jvnns
100 1Y S Vitid »
1 OUBL %1 A THHIANN *avilag q:v1 1L S AK 1% ATV NV

1510869

NV bl

VIND

AR EL]

Tv 0

IS A VN I RN
(TR RN B e A
RIB A E N 7L
P CF I F O e 4 L
YOGUTOEHZ =10y
GHLUMLNLG " SLL
[ EULATF RS |
LUy antnze
(LT PR AR S
T4 R BT AR Pl
LOMEI06,° 742
LYY LLOn 7
Sy v 1T 4wy Z
120 2R0 e
1% 42605051
LR e LA I |
fevrnntogd
IARIELL TR |
HOJI L LY 20
[»fop10n°101
Y110y a0l
DUIE/vEY "6l

BOIGELIL "0

05267610 " %(

QISR AT

A TALIL T B I

Jisunng el

AN1vA
AL )

LI [
15°1
Y 00

=41l IdVdva

0M ¥

LZLISH 000112
ZLLLTOGL %LEG]
1959222%°211E%02

SS 1 tari

L3I U O L A R R T 1 0

ZHHLT LG HURT

FHYIDINS P aound

Shuvnds o

S 1L 1Lv s

HWAHOUO0S ¥0d SISATVNV NOLSSHYDHEY

cONHAINGTNE Yy
[ I TR TR T
0OOAODD ST HIY
DIDYulSH " HIY
UnnINSY G Gk
(L IV KT EA R i 2
III0IGE “HIF
COORTEG 0%
A0DARGY0 kN
[LRRTo 1 R P Ty
(LT L B A 4
RIS VTR P4
(AL UM T L B a4 I
RIPIVATA O T B I
noog iR uol
onnzioso oLl
00012250
onozinay el
QUDENYY I 61
DRI RTY R TIE]
apozizanonl
000HRIZN YD

[V ARU IR |

neeenld ur

0enoz1%06" 9

n2preIN" 42

CopzZieno~1¢é

A4V IVA
OIAd 151

e
]
Hl

91
o
"l

1

N IvAd ISan

CORRZHI6TUEYL - 1dedA
e7sknleetint HAsAA
HGONZHIN Il 6 AR
JLVHILS T M vy
i edn

] HAS AR

1 AA
10 ERETIRIA
we WEOL 00D hanrpNn
(T4 BN

1 IRURT
Ell EMTT A
HdS =1y idvA INIONTSIY



73

R |

LUTRUL XA T) I N

Nvdp i)

1) 15H HIAAND

Y1 wINHIAGN

CAVUINY 765w

LUITA R s ard

CRHI6°0 -

IGHSS 1R 02101

Toovounn*o-

ThsG 29169

076% 11106~
tYROZent Cony JOINIHEL"9C
NVIW WY

12 166 wiMnt vnails

JUNA I HMG S 104 aviNT )

T8 A5 ST S A VVYVANY T v

0 NISIVA-NILUNG

HOE AV EIMNDD DY HAas b ASul |

JEASHIVLES S59nd

SS vomwnd - STYMIISIn dinvnos 0 wns

SIS AN dluvnbs 0 kNS

SOy w1 WS

PLETLCENG 1Y 0nBZ 1N LYy
1LIVA 4N WA
(R 0 RV TR HELY RESIT]

AdS 1) Wy THVA

WwaiN1)

s 1 1v s

e

NOTIVAISA)

TN ION D



~T

1000°0 LR VA
1¢00°0 GHE Y
1600 °0 [ § ¥4
4 < d VA 3

AR R4 R N e
NVIW Ady
[F1E3%0 S

At

1 OR51 *ul

LA R R 0]

FUZCLES9° 022
[AF4 8 YT VRN
19SEDZE 2709y
HLELD0E T YN
eléelis ey
LYYHEILHG by
H16GHLY Y "B
00402992 "Ly
G159460Y " Huy
EHGHOUI2 *LYE
GEVILSG LI kL?
152€500L071 %y
Gl LY 162
596G e
S1%1hGUE 9D
GHHLORY U L ¢
MIT5068 061
VEHGFG6U Al ]
LtHODIOOB=L L )
LHH1SLI0GT6Y1
HHOVGHE=921
heY6HEBGETT
AY0GTL0Z "k

HINH60YY S €S

15911296

ALV TN

CIGHDOHY"HE

NVIR df}
1) 2156 4dddi)

BLOGYIGERTHYZ TG
CIRLLOSE™L0UZT
PG ELSE YT L0

S5 Al 3dAl

P X ANAR RV RV
WOIHG P97 (G
L% 0loHs 10y
Teeesahluly
LS PATE N AR
ThGed L%y
BEHYLLPLGT 00
TN R TR I B3
GUDLEGIOT T
C0Z2¥0S0N"92F
HGIN601°9¢ L
LERISEYLTGIY
RN TS e
IRA A R e
Ta21FRI0=211
(P L' I Y R P
VU RR AR LA T |
LAY RS R R |
Tthuyy 16201
ETA N B RN |
UL R TURR T |
LIERNLYET T

GILEL 060" LS

16622602 ¢y

S99 69 0E

hheuLGlt6d

tichpeegntid

Ny AW M0
1) 1ah HiIMNO

QOERSYGH I 102
ELIWII01 12y
NOLELLOYHYA

Jivwilsa
A0 yowAEl

b2t U150 (7

AO

IHvNnS-d 1

U0 6

1

1

1

J0
Gt he sl
ANIVA |}

1S

NAUWIAON

favarad

Duiil Wbl

ety
GOV IV " YS -
(VR RSIERTER T B
Jauauniet 1l
CEHDOYHS T CY
O¢Gut 01Dy -
VLV R LA )
LOVEOTHZTGLL -
HUlhaute "2l
tLURGIZE " Y-
0Octudsin=2i
HULOIL 12 -
d 12900571
ELYRLI A B B
AL IO HIL R 3 |
LapenuInT¢ -
Glwlbul0™t
L1066l " 53—
0619509241
LU0V G~
T6Lyiede*
PYR YT T PR B
O TYFLT00
o¥g01f 12"k~
PRI T R
eGSRy 2
[T R R

Ivnols e

10000 LR R
oun*d LY ]
uno=o b TLAGY
4 < Hd ANTVA

BEVSORIRTIES

2L 0B 8¢ 262010

BAYNNS NV W

LEURIVREY]
100600
1o0ou~u

1] < ud

Fad A0 dd S LIGDA aviaNT Y v hiIN)

AS S 1

1ty NV 1]

UFFNE N RO
ALUSOTRD 00y
06RO Y
LLUESORDL Tt Y
1914814250y
LG9 EHRET L LY
BUS2r LU Tult
SGLLEYOHE “0EY
JEHBICHE T2t
L HUYHOL0 "yt E
NHELWZY Y " WG
ELIN T R NN
CHLT0OOO Y
Gl Iyl "t 62
Sestl7eZ 00l
LGUEhSTL T hI2
GZIU6L49) ~491
LT0R% 1ie* 91
NDIHGGLS? 0TI
AT A N LT ]
LORLE R I I A |
Gulsbl1a 20T
LI N R B W
Oyq0IGTIL HY
BSYIe il "L E
TUEv I %98 " e
516921e6°27

JIVA
0118 J dd

or*fi-
499
12=41

O=d )1 IWVIVY

sOH uy

boLyILZETHYZ TG
JIyriasntZonge
Lyvl0G w62

55 1 Jdal

LGl EHR 121960011
T9hIIFE9°06LE0
tTuLul %0 1%180¢€

SIAVODS D Bng

Y

LYAHM 404 SISATVNY NOISSHUIHY

[T FR TR A KT te
DOOHELUE " ShHY we
BOLOO B2 2EY [Y4
OODZIEHD LYs UT'4
ID0FHLILYT IS €2
DDOHNLL 1T 6UT 2¢
LODZ WIS 06 € 1
CUCRIGEDS" w0y ue
CooBHIL L out A}
JO0AHKD T 102 ol
0DeHRLl)*uye i
DOVZLYSZ Lek 91
GOORBLT L b2 S
oUDZT0L e 612 yi
oeregiengTen? (1
neoHsLYYE=91¢ ¢
NOURELYZ*F ol 1
0003 LGHE 091 01
000ZIBIE LI 4
DOBZIHTe it i
Co0009L L Ll |
0Ono08IL" L L ]
o0DZ6LYBH IR 4
00000 206" e Y
0OUHIBN L “LE 3
I R R ANA Z
INOLLOIE YL I
AN IvA

GIAH IS0

NOTIVABIS T

CRIN R T R i IdedN
L6966 265 "9t 96 HAsAA
CRITEE LT AR LT AN nA
JLIVWI LS Al Iwvdvd
1 ddedA
] lhAsdA
1 AN
10 A2HN0S
e WioL Uit 1400940
6¢ HIHH)
3 130IW
14 1738N35

#dS 4 Wy IdVA ENJUNdddN



75

oneG 1

‘vl

151700%0°¢L O NOSIVA-NLOHNO
L19%€27/6"0- NOTIVT34dDIDLINY dAdHD 1Syl 4
CHLD260% 50691 1 JLISTAVLS $SInd
Tounoooo=0- SS duMyd - SIVNOIS3Y (03avNDS 4N KNS
O%5LLV L9 06LE 1] SIVOILS I avnbsS 30 WNS
QOGLhubE "7 SIviaisad Jo wins

SH66Z0BB HOY ROZLZ6OZ 5% rOR0ZNES " [RGB 2 2 ard B 0ooDnYveL L su9 ¢

NV IW g0 . NV IH dUd ANTVA INTVA
1 2506 dHiddn 1) 166 U4MU1 Tvnd s au UalI10Idd RELY-EMUIV] NOT LVAYISUN

AdS 3NV IAVA INIJUNTAIO

AU 1 308d S 11004 dVANTT TIVUINID

W

HAUWIAON "AVOIHY 05391 L I I W S 1S AP VHNY TvV2 1 LS 1P L1Lv i



STATIC PRESSURE DROP IN A FIXED BED OF

GRAIN AS AFFECTED BY GRAIN MOISTURE CONTENT

by

YOUSEF NAGI AHMED (ASSALIMY)

M.S. Engineering (Civil), Kiev Civil Engineering Institute
1974, USSR

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE
Department of Grain Science and Industry
KANSAS STATE UNIVERSITY

Manhattan, Kansas

1981

76



77

Determination of grain resistance to airflow is fundamental in the
design of drying and aeration systems. Designers widely use Shedd's data
on resistance of dry grains to airflow for fan selection. 3But grains such
as corn and grain sorghum that are harvested at higher moisture levels do
not follow Shedd's data which does not consider grain moisture as a variable.
Our study was intended to determine the effect of grain moisture on airflow
resistance. We determined resistance of corn, sorghum and wheat as affected
by the moisture content.

The result shows that resistance to the airflow decreases with the
increase in grain moisture. We analyzed the data statistically and obtained
a non-linear regression model describing the mathematical relatiomship

between grain moisture and static pressure drop. The model is:

5 2

AP = AV + BV” -C (M.C.) V
where,
AP = pressure drop per meter depth of grain, pascal
V = air veloecity, m/s
M.C. = grain moisture, % w.b.

and A, B, and C product constants.
The values of the constants A, B, and C for corn, sorghum and wheat are

given below:

Corn:
A = 1611.719
B = 4949,301
C = -55.116
Sorghum:
A = 3253.100
B = 7911.272

cC =-72.521
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Wheat:
A = 5573.950
B = 9634.595
C = -200.283

The results of this study are expected to help designers in conserving
energy for high moisture grain aeration systems and to give us a better

understanding of the effect of moisture on the airflow resistance of grainms.



