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ABSTRACT

_ 2 V <
The equation E = N In(4d/N) has been used for deter

mining the electric field at the liquid tip in electrical
spraying of liquids. Data were taken at the instant of
spraying in an attempt to experimentally verify this equa-
tion. +the results indicate that the value given by the
equation needs to be increased by about 20% in the normal
range of operation. -A model for the spraying mechanism

of the liquid is also proposed.



=
Hc
e

ACKNOWLEDGEMENTS

The author would like to express his sincere apprecia-
tion to his advisor, Dr. Ralph St. Clair Carson, for his
encouragement and his invaluable help and suggestions in
making this thesis possible.

The author would also like to thank Mr. Larry Stoddard
for his assistance in the experimental work and for his

work as draftsman.



Ax

TABLE OF CONTENTS

Page

LIST OF ELTUSTRATIONS: 56é s saiie b o fited 8 fomm s o momee s dfons v § -
Ls INFTRODUCTION i s s aneisssme s seiee s oeis s s sien s s0ae s aes

IL. LIQUID MODED .o . eee s smne s s o sows o ows e swme s sase cove
ITT. EXPERTMENTAL METHODS ....cccececcscocsaacososcsacccss

o O W <«

: : Iv - EXPERIMTA L RESULTS ® & ® @ & & ° ¢ 8 & ® & & & & 4 & 4 & 5 S8 8 s a0
V. CONCLUSIONS & 8 8 & & 4 5 & 8 B S 8 O S S 8 8 8 8 8 8 8 " 8 S 8 G 88 *® 5 8 8 8 10
B]BIJIOG.R'AP}IY S & & & & & & & S 8 & & & 8 S 8 S PSS S PSS Ss eSS S Ee eSS s 12

VITA........l.......'..O.....OC......I....O -------------- 13
RPPENDILE o o covis s wom s o ¢ sson g o 5ossk 3 5 9559 § @AW & G0 & & 94 8 € S800 5 & o 22



LIST OF ILLUSTRATIONS

Figure Page
1. Model of spraying mechanism: A and B - no spraying;

C - spraying begins; D - spraying continues. ....... . 14
2. Experimental ApPATATUB v ve s vme s s swiai s s aws s s 5 s s o wee s 15
3. Comparison of the electric field calculated by Eq. 1

and Eq. 14 versus applied voltage. .........cceuuean. 16
4. Comparison of the electric field calculated by Eq. 1

and Eq. 14 versus Spacing. cvsssvewvssivess vy owssss 17
5. Comparison of the electric field calculated by Eq. 1

{(shown as individual points) and Eq. 14 (shown as a

straight line) versus radius of curvature. .......... 18
6. Period versus applied voltage, with spacing as

PALAMELET:  wvviwu 5 wreie ¥ & #/Oals & Wese ¥ GTREE o0 %0 e i B WA e 19
T. Critical spraying potential wversus spacing at which

a dc level was established, with height as parameter. 20
8. Pulse shape as spacing is increased (a to f£) beyond

the "normal' operating range. ........cci.ieeniaciaaans 21



INTRODUCTION

Electrical spraying of liquids results from liquids
emerging from a small capillary under a high potential.
This paper deals wlith a dc potential only, however Vonnegut
and Neubauer™ state that a 60-cycle ac potential gives re-
sults similar to that produced by direct current. The re-
lationship for the electric field between a plate and the
capillary comes from work done by Eyring, Mackeown, and
Millikan.2 In their work a dc potential was established
between a metal polnt shaped in the form of a hyperboloid
of revolution and a plate in order to extract electrons
from metals under the influence of electric fields.

Thelr equation for the electric field was later sim-
plified by Loeb,> et al., to the form:

2V

E = FIm(ga/m)

x

where d is the spacling between the tip and ground plate in
meters, N i1s the radius of curvature of the tip in meters,
and V is the applied potentlial in volts. The stress pro-

duced by this electric field at the tip is:

2 _ 2§V2
= [1n(4a/N)] 2

Consider an electric field acting on a spherical liquid

2€E 2

drop in free space. If the dielectric stress is neglecteéd,
i.e., the 1liquid is a perfect conductor, then the condition

for instabllity of the liquid surface as given by Zele:nylL is:



where PE 1s the electrostatic pressure, P, 1s the pressure
due to surface tension, and P is the net pressure. When the
liquid emerges from the tip of a capillary, the hydrostatic

pressure P, forcing the liquid out must be added to the

h
electrostatic pressure or:

PE + Ph = P; -~ P 4

This paper deals with spraying of glycerine, a viscous liquid,
through a small capillary when subjected to 1limited 1liquid
heads. The hydrostatic pressure for this case was found to
be negligible in comparison to the electrostatic and surface
tension pressures. Although the following equations will
have the term Ph omitted, the hydrostatic pressure does in-
fluence a change in the radius of curvature with respect to

time. Equation 4 becomes:

P= S - der® 5

where N 1s the radius of curvature of the liquid tip and ¥

is surface tension in dynes/meter,



LIQUID MODEL

The model used for the liquid tip in calculating the
radius of curvature is shown in Fig. 1. From time t=0 at
surface A to some time later at surface B, the pressure due
to the 1liquid head has forced more liquid out of the cap-
illary. The radius of curvature continues to decrease as
time increases until surface C 1is reached where the elec-
trostatic pressure is equal to the surface tension pressure
and spraying begins. If the applied potential is limited to
prevent the brush effect described by Hendricks,5 the spray-
ing will consist of a large number of droplets directed ax-
ially from surface D to the plate. As spraylng contlnues,
the volume of the liquid tip decreases to surface A where
spraying ceases and the process 1s then repeated.

By assuming that the liquid tip is in the form of a
prolate spherold, the equation used to approximate its sur-

fface would be:

I
=
(0))

+~l§+ FR)

where F in the third term is a time varying quantity. The
product FR represents the z directed semi-axis of the spher-
oid. The volume of the liquld tip is given by:

FR

v = )rr? az = %TT'R?’F 7

Differentiating with respect to time gives:

ar _ 3 dF

Poiseullle's equation for the change in volume with respect



to time of an incompressible viscous liquid in a long narrow

tube of circular cross sectlon is:

dT _ 7 AP RLL _ AP R}'L

ad& = "BnL ~  8FzL 2

where AP = pressure difference to overcome viscosity, dynes/cm

R

Il

tube radius, cm

L

tube length, cm

/> = density, gm/cm3

n = dynamic viscosity, gm/cm sec

2 = n/p = kinematic viscosity, cme/sec
Substituting Eq.9 into Eq. 8 gives:

dF _ 3 RAP _ 3 RPgH _ 3 RgH
T T RL ~ 16 nt ~I6 5L 10

F is then given by:
F=A+(-"—l-f35—§§}g—)t=A+Bt 11

The constant B has the dimenslon reciprocal of time. The
dimensionless constant A 1s independent of time but 1is a
function of pressure, applied voltage, etc. Observations
indicate that if the value of A decreases linearly from
approximately unity to zero as applied voltage 1s increased
from the minimum spraying potential Vﬁ to a critical value
Vc for which the sprayling pulses cease, then 1T can be as-
sumed that:

V-V

S = —

c - ‘m

IR

The dependence of A on pressure, liquld constants, geometry,
etc., 1s automatically accounted for in the measured values

of Vﬁ and VE.

2



The radius of curvature in the r-z plane 1is:

2
v o | L2+ (az/ar)®] 3

d%z /ar<

1 .
Using z = F( RZ_r2 }2, the radius of curvature at the tilp,

where r = 0, is given by:

N=-—5-=75T757 13

where TC is the time from the end of one pulse to the be-

ginning of the next. When spraying commences the nef pres-

sure equals zero and Eq. 5 becomes:

=h, - (]

Thus a value for the electric field can be obtained from Eq.

X
2

14
Te

14 using experimental measurements to compare with the value

of electric field as given by Eq. 1. Data were obtained by

experimental methods to determlne the various parameters.



EXPERIMENTAL METHODS

Most of the data were taken in a vacuum of about 107>
Torr in the system shown in Fig. 2. The bellows was filled
with glycerine and it could be compressed by an external
knob to change the glycerine level in the vertical glass
tube, thus varying the pressure head at the caplillary. An
external adjustment was also used to change the spacing be-
tween the plate and the caplllary. Temperature was moni-
tored by a thermometer attached to the vertical glass tube.
Due to ripple in the high voltage power supply, a bank of
four 7.5 uF capacitors connected in parallel were charged
by the HV power supply and then used as the source of dc
potential. A screen cage was bullt around the system to
reduce noise. The current produced by the movement of the
charged droplets was passed through a one-megohm resistor
and the resulting voltage was monitored by a differential
input oscilloscope. Another one-megohm resistor was insert-
ed between the oscilloscope input and ground to give some
isoclation. An oscillescope plug-in unit of 1 millivolt
sensitivity was used since the voltages ranged from 2 mv
to 10 mv.

Data were taken at wvarlous 1liquid pressures, voltages,
ahd spacings, the latter being varied while the other para-
meters were held constant. This method gave more sensitivity
and greater flexibility than varying the voltage. The data
consisted of the width of the output pulses, the period be-

tween pulses, and the spacing at which the pulsing mode



changed to a dc mode. The voltage was varied from 3.0 KV
to 5.0 KV 1in steps of 0.5 KV and the height of liquld pres-
sure was varled from 18 inches to 30 inches using 2 inch
steps. The spacing was changed 1in steps of one millimeter
from the point at which the dc level was established to a
maximum of 24 millimeters. The capillary was mounted in a
teflon holder and was 1 inch long and had an inside diameter
of 0.01 inches. It was made of stainless steel and the tip
was cone shaped by an electro-chemical etching process.

The temperature varied about + 2 degrees Fahrenhelt
from its normal value of T4 degrees. The viscosity is the
only major temperature dependent parameter but does not
cause a significant change over this small temperature
range.

The viscosity was measured by the Saybolt Furol method
giving a value of 6.8 cme/sec and the surface tension was
measured by the Du Nouy Ring method giving a value of 60

dynes/cm.



EXPERIMENTAIL RESULTS

Computer programs were written to calculate the values
of electric fields given by Eq. 1 and Eq. 14. Figure 3 and
Fig. 4 show these two values of electric field versus para-
meters of applied voltage and spacing respectively.

The logarithmic plot of Fig. 5 shows the values for
electric field from Eq. 14, connected by a straight 1line,
and the values of electric field from Eq. 1 shown as a
scattering of points, versus the radius of curvature.

In order to determine the radius of curvature as given
in Eq. 13, the values of Vb and Vﬁ had to be found before
computing a value for A. The value for B was determined
from physical constants. Vﬁ was found by making graphs of
the period Tc versus appllied voltage for each height and
each spacing as shown in Fig. 6.

The value of V at which the period approached infinity
for each spacing was then used as the value for the minimum
spraying potential.Vh. Thus for each height and each spacing
a different value for Vﬁ'was obtained. It should be noted
that this value for Vﬁ was higher than that gilven by Hendricks,
Carson, Hogan, and Schneider.6

Ve was determined by plotting the applied voltage versus
the spacing at which the dc level was established for each
height as shown in Fig. 7. From this plot the value for Vé
could be read directly for any height or any spacing.

A few peculiarities were noticed while conducting the

experiment. The first was the action of the dc¢ level which

has previously been mentioned. As the spacing between tlie
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plate and the capillary was decreased, while operating at a
fixed voltage, the pulsing changed from the normal pulse as
shown in Fig. 8a to a continuous jet emitting from the cap-
illary. This established a dc level of a few millivolts on
the oscilloscope. As the spacing was then increased the dc
level remained at the same value until pulsing resumed. By
visual observation of the jet, it was noticed that as the
spacing increased, the radius of the liquid filament also 1In-
creased. This indicates some sort of constant resistance or
constant current mechanism in the filament. -

Another point of interest occurred when the spacing
between the capillary and the plate became so great that
the period between pulses exceeded about 0.5 seconds. At
this point the normal pulse shape shown in Fig. 8a began to
exhibit a peak at a point slightly below 1ts maximum amp-
litude, 8b. Figure 8 shows the sequence of events, a through
f, as the spacing is increased. This indicates an entirely
different spraying mechanism than the one considered in this
paper, possibly one of a large drop followed by a series of

smaller drops.
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CONCLUSIONS

The variation of the electric field, at the onset of
spraying, with respect to the voltage, Fig. 3 and spacing,
Fig. 4, shows a deviation between the two methods of find-
ing the electric field, however the general trends of the
curves are similar. Curves showing these same trends can
be obtained at various heights as long as the pressure due
to the liquid head is negligible. Although Eq. 1 seems to
indicate a direct relationship between electric fileld and
voltage and an inverse logarithmic relationship between
electric field and spacing, 1t must be remembered that the
radius of curvature is a function of voltage and spacing.

Figure 5 shows a logarithmic plot of about 260 values
of electric field evaluated at Tc versus radius of curvature.
These points should all lie on the line marked as -g:% B ig
Eq. 14 is true. Those points which correspond to a radius
of curvature less than .005 cm may be neglected since the
spraying mechanism changes to that described in Fig. 8.

This value for the radius of curvature is determined from
the period TC, which was usually around 450 to 500 ms when
the peak began.

Of the approximately 230 points remalining, an average
error of -20% exists. Assumling that all previous assumptions
and approximations are valid, two possibilities exist for
giving this error: (1) Experimental error; this is unlike-
1ly because the instruments involved had good accuracy and

even this would have to have been all negative to give an



1Ll

error of -20%. (2) Error in the equation for electric field;
This is a more likely candidate since the equation was de-
rived for metal points in the shape of a hyperbololid of rev-
olution. Thus to apply to spraying of liquids it appears

Eq. 1 should be increased by 20% in the normal range of

operation.
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APPENDIX

This appendix contains the data and the computer pro-
gram used in the calculation of the electric fields. The
program was written in Fortran language and was executed on

the IBM system 360 using WAT4 control.
In the following list of data it will be noticed that

the period Ts varies from O to 20,000 msec. The value of
zero indicates operation in the dc state and 20,000 msec

is the upper bound indicating the period was so long no
data was taken. This data is excluded from actual use in
the computation by the "IF" statement in line 24 of the pro-

gram along with any other periods of 500 msec or more.
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Literals used in the computer program are defined as

follows;

A - constant used in determining radius of curvature.

B ~ comnstant used in determining radius of curvature, sec'.'1
D - spacing between the capillary and plate, mm.

E - electric field calculated from Eq. 1%, volts/m.
ECAL -~ electric field calculated from Eq. 1, volts/m.
EL - length of the capillary, in.

EPZRO - permittivity of free space, farad/m.

G - gravitational acceleration, cm/sec®.

GAM - surface tension, dynes/cm.

GNU - kinematic viscosity, cm®/sec.

H - height of the liquid head, in.

R - radius of the capillary, cm.

RATIO - ratio of ECAL to E.

RC - radius of curvature, cm.

TC= TC(L,X,I)= TCLKI - spraying period, msec.

V = V(L) - applied potential, KV.

VC = VC(K,I) =VCKI - critical spraying potential, KV.
VM - minimum spraying potential, KV.

W - intercept of VM equation, KV:

Z - slope of VM equation, KV/mm.

The literals W and Z refer to an equation for the minimum
spraying potential. This equation was determined by plotting
a graph of the potential at which the period approached
infinity, versus spacing at fixed height. This plot was
approximated by a straight line giving values for W and Z.

The individual values of Vo, determined from the period versus
applied potential could have been used with equal ease.



COMPUTER PROGRAM USED IN NUMERICAL CALCULATIONS
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?2.980
2,980
3.000
3.000
3.000

3,000
3.000
3.120
3.120
3.120
3.120
3.120
3.340
3.340
3.340

2,100
2.100
2,100
2.100
2.100
1.570
1.570
1.570
1.570
1.570
1,570
1,570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570

14
0.1160
0.1160
0.1160
0.1160
0.1160
0,2020
0.2020
042020
0.,2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.7020
0.2020
0.2020
0.2020
0.2020

g€



24.00
24400
24.00
?4.00
244,00
24400

244,00

24400
244,00
?24.00
24.00
24,00
24.00
24,00
24.00
24,00
24,00
24.00
24,00
24,00
24400
24,00

4,500
5.000
3.000
3.500
4,000
4,500
5.000
3.000
3,500
4,000
4.500
54000
3.000
3.500
4,000
44500
5.000
3.000
3.500
4,000
4,500
5.000

4,00
4.00
5.00
5.00
5.00
5.00
5.00
6,00
6.00
6400
6,00
6+ 00
7.00
7.00
7.00
T.00
7.00
8.00
R.00
R.00

8400
R.00

e
0.
0.

167,

64,
Q.

C.

O
460.
16,
69,
0.

O
5400.
101.
8l.
(U

0.
20000,
142,
98

0.

Ve
34340
3.340
3.680
3.680
3.680
3.680
3.680
44000
4,000
4,000
4,000
4,000
4,180
4.180
4,180
44180
4,180
44370
44370
4.370
4.370
44370

1.570
1.570
1.570
L.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1570
1.570
1570
1.570
1.570
1.570
1.570

4
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020

0.2020

0.2020
0.2020
0.2020

6€



24,00
24,00

24400

24,00
24400
24.00
24,00
24,00
24.00
24.00
24.00
24,00
24,00
24,00
24400
24.00
24,00
24,00
24.00
24.00
24,00
24,00
24,00

3.000
3.500
4,000
4,500
5.000
3,000
34500
4.000
4,500
5,000
3.000
3,500
4,000
4,500
5.000
3.000
3.500
4,000
4.500
5.000
3.000
3,500
4,000

9.00

9.00

3.00

9.00

92,00
10,00
10.00
10,00
10.00
10.00
11.00
11.00
11.00
11,00
11.00
12.00
12.00
12.00
12.00
12.00
13.00
13.00
13.00

TC
20000,
267
119.
56
0.
20000.
1020.
157.
60.
0.
20000.
7400,
224,
66.
0.
20000,
20000
394,
T2
0.
20000,
20000.
1411.

Ve
4,500
4.500
4.500
4.500
44500
4.580
44580
44,580
4,580
4.580
4.670
4,670
44670
4,670
4,670
4.750
44750
4,750
4,750
4.750
4,820
44820
4.820

1,570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570

1.570

1.570

1.570

7
0.20620
0.2020
0.2020
0,2020
0.2020
0.2020C
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.,2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.,2020
0.2020
0.2020
0,2020

Ot



24400
24.00
24.00
24,00
24,00
24,00
24,00
24,00
24400
24400
24.00
74,00
24,00
24.00
24.00
24,00
24.00
24.00
24.00
24.00
24400
24,00
24.00

4,500
5.000
3.0C0
3.500
4,000
4,500
5.000
3.000
3+500
4,000
4.500
5.000
3.000
3.500
4,000
44500
5.000
3.000
3.500
4.000
4.500
5.000
3.000

13.00
13.00
14,00
14.00
14,00
14.00
14.00
15.00
15.00
15.00
15.00
15,00
16.00
16.00
16.00
16400
146.00
17.00
17.00
17.00
17.00
17.00
1,00

1C
81l.
0.
20000.
20000.
8800,
91
0.
20000,
20000.
20000.
103.
0.
20000C.
20000,
20000,
119.
O
20000.
20000,
20000.
131.
0.
20000.

vC
4,820
4.820
4.860
44860
4.8560
4.860
4.860
4,910
44910
4,910
4,910
4.910
4,960
44960
4,960
44960
44960
44970
4,970
4,970
4,970
4,970
4.980

1,570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1,570
1.570

z
0.2020
0.2020
0.2020
0.2020
0,2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020

0.2020

0.2020
0.2020
0.2020
0.2020

h



24400
24,00

24.00

24,00
24,00
244,00
24400
24,00
24,00
24400
24,00
24,00
24.00
24,00
26,00
26.00
26. 00
26.00
26,00
26.00
26400
26400
26.00

3.500

4,000
4.500
5.000
3.000
3.500
4,000
4,500

5,000
3,000
3.500
4,000
4.500
5.000
3.000
3.500
4,000
4.500
5.000
3,000
3,500
4.000
4.500

18.00
18.00
18.00
18.00
19.00
19.00
19,00
19.00
19.00
20.00
20.00
20.00
20,00
20.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00

TC
20000,

20000.
154,
0.
20000,
20000.
20000,
187,
0.
20000,
20000.
20000.
227
64 .

0.

0.

0.

0.

0.

0.

O.

0.

0.

Ve
4,980
4.980
4,980
4.980
5,000
5,000
5.000
5.000
5.000
5.010
5010
5.010
5.010
5.010
2.970
2.970
2.970
2.970
2970
2.980
2980
2.980
2.980

1.570
1..570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.570
1.900
1.900
1.900
1.90C0
1.900
1.900
1.900
1.900

1.900

Z
0.2020

0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.2020
0.1400
0.1400
0.1400
0.1400
041400
0.1400
041400
0.1400
0.1400

ch



26.00
26400
26400
26.00
26.00
26,00
26.00
26400
26,00
26.00
264,00
26400
26400
26400
26,00
26.00
26400
26.00
26.00
26400
26.00

26.00
26.00

5.000
3.000
3.500
4,000
4,500
5.000
3.000
3.500
4,000
4,500
5,000
3.000
3.500
4.000
44,500
5.000
3.000
3.500
4.000
4,500
5.000
3.000
3.500

2,00
3,00
3.00
3.00
3,00
3,00
4400
4,00
4,00
4,00
4,00
5,00
5400
5.00
5.00
5400
6400
6.00
6.00
6400
6400
7.00
7,00

TC
C.
94.

0,
0.
0.
145.
0.

O.
C.
271,
Q.
0.
0.
0a
830,
0.
0.
C.
0.
9800,
Rl.

vC
2.980
3.020
3.020
3.020
3.020
3.020
3.100
3.100
3.100
3.100
3.100
3.260
3.260
3.260
3.260
34260
3,460
3.460
34460
34460
3,460
3130
3.730

1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1900
1.900
1.900

4
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400

0.1400

0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400

0.1400

0.1400
0.1400
0.1400
0.1400
0.1400

Ef



26.00
26400

26.00°

26,00
26400
26.00
26.00
26,00
26.00
26.00
26.00
26400
26,00
26.00
26.00
26,00
26.00
26400
26.00
26.00
26400
26.00
26.00

\
4,000
4,500
5.000
3.000
3.500
4,000
4.500
5.000

3.000
3.500
4.C00
4,500
5.000
3.000
3.500
4,000
4,500
5,000
3.000
3.500
4.000
4.500
5.000

7.00
7.00
7.00
.00
8.00
8.00
R.00
8.00
9,00
9.00
9.00
9.00
9,00
10,00
10,00
10.00
10.00
10.00
11.00
11.00
11.00
11.00
11.00

C.
0.

20000.
121,
T2,

0.

0.
20000.
196.
92.

O

0
20000,
480,
114,

0.

Oe
20000.
4600.
149,
12

O

Ve
3.730
3.730
3,730
4,050
44,050
4,050
4,050
4.050
44240
4.240
44240
4,240
44240
4,370
4,370
4,370
4.370
44370
4.500
4.500
4.500
4,500
4.500

1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1,900
1.900
1,900
1.900
1.900
1.900
1.900

4
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
01400
041400
0.1400
0.1400
0.1400
0,1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.,1400
0.1400
0.1400
0.1400
0.1400
0.1400

th



H
26.00
26400
26.00
76400
26400
26.00
26400
26,00
26,00
26400
26,00
26.00
26,00
26400
26.00
26400
76400
26.00
26,00
26.00
26400
26.00
26.00

3.000
3.500
4,000
4.500
5.000
3.000
3.500
4,000
4,500
5.000
3.000
3.500
4,000
4,500
5.000
3.000
3.500
4,000
4,500
5.000
3.000
3.500
4.000

12.00

12.00

12.00
12.00
12.00
13.00
13.00
13,00
13.00
13,00
14,00
14,00
14,00
14,00
14.00
15,00
15.00
15.00
15.00
15.00
16. 00
16.00
16.00

TC
20000,
20000

232

84 .

0.
20000
20000,
480.
100.
C.
20000,
20000.
5400,
118,
(V"
20000
20000,
20000.
142.
O
20000.
20000.
20000C.

vC
44570
4.570
4,570
4.570
4,570
44670
44670
4+670
44670
4.670
4.730
4.730
44730
4,730
4,730
4.770
4,770
4.770
4.770
4.770
4,800
44800
4.800

1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
].900
1.900
1.900
1.900

7
041400
041400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
041400
0.1400
041400
0.1400

041400

0.1400
041400
0.1400
0.1400

Gh



26,00
26400

26400 -

26400
26,00
126400
26400
26,00
26400
26,00
26400
26,00
26.00
26,00
26.00
26.00
26,00
26400
26.00
26400
26.00
26400
28400

4,500
5.000
3.000
3,500
4,000
4,500
5.000
3.000

3.500
4,000
4,500
5,000
3.000
3.500
4,000
4.500
5.000
3.000
3.500
4,000
4,500
5.000
3.000

16.00
16.00
17.00
17.00
17.00
17.00
17.00
18.00
18.00
18.00
18.00
18,00
19.00
19.00
19.00
19.00
19.00
20.00
20,00
20.00
20.00
20,00

1.00

TE
180.
0.
20000,
20000
20000,
229
0.
20000,
20000,
20000
316.
0.
20000.
20000.
20000.
520.
0.
20000
20000.
20000,
1210.
C.
0.

vC
44800
4.800
4.830
4,830
4,830
4,830
4.830
4,860
4.860
4.860
4.860
44860
4.880
4.880
44880
44880
4.8R0
4.910
4.910
4.910
4,910
44,910
2.970

1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
1.900
2.250

Z
0.1400
0.1400
0.1400
0.1400
0.1400
041400
0.1400
01400
0.1400
0.1400
0.1400
01400
0.1400
0.1400
01400
01400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1400
0.1080

ot



28400
28.00
28.00
28.00
28.00
28.00
28400
?8.00
284,00
28,00
28.00
78,00
28.00
28.00
28.00
28,00
28.00
28.00
28,00
28.00
28400
28.00
28.00

3,500
4,000
4,500
5.000
3.000
3.500
4,000
44500
5.000
3.000
3.500
4,000
4.500
5.000
3.000
3.500
44000
44500
5.000
3.000
3.500
4,000
4,500

1.00
1.00
1.00
1.00
2.00
2,00
2.00
2.00
2.00
3.00
3.00
3.00
3.00
3.00
4,00
4.00
4.00
4400
4400
5.00
5.00
5.00
5.00

TC

184,
Ce
C.
0.

vC
2.970
2.970
2,970
2.970
2.980
24980
2,980
2.980
2.980
3.000
3.000
3,000
3,000
3.000
3.040
3.040
3.040
3.040
3.040
3.110
3,110
3.110
3.110

W
24250
2.250
24250
2.250
2.250
24250
2,250
24250
24250

. 24250

24250
2.250
24250
24250
24250
2.250
24250
24250
2,250
24250

2.250

2.250
2.250

,
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0,1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080

L



28,00
28.00

28,00

?78.00
28.00
28.00
28,00
28.00
28.00
28.00
28.00
28.00
78.00
28.00
28,00
28.00
28.00
28.00
28.00
728.00
28.00
28.00
28.00

v
5.,0C0

3.000
3.500
4.000
4,500
5.000
3.000
3.500
4,000
4,500
5.000
3.000
3.500
4,000
44,500
5.000
3.000
3.500
4,000
4.500
5.000

- 3.000

3.500

5.00
6.00
6400
6.00
6.00
6.00
7,00
7.00
7.00
7.00
7.00
8.00
8.00
8.00
8.00
8.00
9.00
9.C0
.00
9.00
9.00
10.00
10.00

T
O.

740,
O

0.

0.

0.
8800,

0.

O

0.
20000.
111.
0.

0.

0.
20000.
117.
C.

0.

0.
20000.
840.

vf.
3.110

3,220
3.220
3.220
3,279
3.220
3.380
3,380
3.380
3.380
3.380
3.570
3,570
3.570
3.570
3.570
3.810
1.810
3.810
3.810
3.810
4,020
4.020

W
24250
2.250
24250
2.250
24250
24250
2,250
2.250
24250
2.250
2.250
24250
2.250
2.250
24250
2.250
24250
24250
24250
24250
24250
24250
2.250

7

0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080

0.1080

0.1080

0.1080

0.1080
0.1080
0.1080
0.1G80

8%



28,00
28.00
28.00
28400
28,00
28,00
28.00
28,00
28.00
28.00
28.00
28.00
28,00
28,00
28.00
78.00
28.00
28.00
28.00
28,00
28.00
28.00
28.00

4,000
4,500
5.000
3.000
3.500
4.000
44500
5.000
3,000
3.500
4,000
4.500
5.000
3.000
3.500
4,000
44,500
5.000
32.000
3.500
4,000
4.500
5.000

19,00
10.00
10.00
11.00
11.00
11.00
11,00
11.00
12.00
12.00
12.00
12.00
12.00
13.00
13.00
13.00
13.00
13.00
14.00
14,00
14.00
14,00
14,00

TE
103.
0.
0.
20000.
6300.
144,
O
0.
200004
20000.
236.
0.
0.
20000,
20000
560,
0.
O
20000.
20000,
4900,
q7.
0.

vC
4.020
4.020
4.020
4.180
4.180
4,180
4,180
4,180
44290
4.290
44290
44290
44290
44390
4.390
44390
4.390
44390
4.500
4,500
4,500
4.500
4,500

2.250
2.250
2.250
2.250
2.250
24250
2.250
24250
24250
24250
2.250
24250
2.250

2.250
2250
24250
2.250
74250
2.250
2.250
2.250
2+250
2.250

4
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080Q
0.1080
0.1080
0.1080
0.1080

0.1080

0.1080

. 0.1080

0.10R0
0.1080
0.1080

6t



28.00
28.00

28,00

28.00
28,00
28.00
28.00
28.00
28.00
28.00
28.00
28,00
28.00
28.00
28.00
28400
28.00
28.00
28.00
28.00
28.00
28.00
28.00

v
3.000
3,500
4,000
4.500
5.000
3,000
3.500
4.000
4,500
5.000
3.000
3.500
4,000
4.500
5.000
3.000
3.500
4,000
4.500
5.000
3.C00
3.500
4,000

15.00
15.00
15.00
15.00
15.00
16.00
16,00
16,00
16,00
16,00
17.00
17.00
17.00
17.00
17.00
18.00
18.00
18.00
18,00
18.00
19.00
19.00
19.00

TC
20000
20000,
13200,

115.

O.
20000,
70000.
20000.

142,

Qs
20000.
20000,
20000,

186

0.
20000.
20000.
20000,

247,

0.
20000,
20000,
20000,

4,570
4.570
4.570
44570
4.570
4.650
4,650
44650
4.650
4.650
44700
4,700
44700
4,700
4,700
4.730
4.T730
4,730
4,730
4.730
4,770
4.770
4.770

W
2250
2.250
24250
24250
2.250
24250
24250
24250
2250
24250
24250
2.250
2.250
24250
2.250
2.250
2250
24250
2.250
2.250
24250
2.250
2250

z
0.1080

0.1080

0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1080
0.1030
0.1080
C.1080
0.1080
0.1080
0.1080
0.1080C
0.10680
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