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I. INTRODUCTION

We have recently developed a one-dimensional, premixed, laminar flame
code that considers detailed elementary reactions and detailed transport
propertiesl. As a test of this code we elected to examine the ozone flame,
since ‘ts flame speed has been measured? over the range 17 to 100 mole %
ozone. The reactions are

kl
03 + M t - 02 + 0+ M (1)
k
0+ 04 I-; 0, + 0, (2)
and k3
0+«+0+ M - 02 + M. (3)
-3

As expected, the most important reaction for our flame studies
proved to be reaction (1). Since adiabatic flame temperatures range
from 1027 K to 2677 K, we required a rate expression for reaction (1)
valid over this temperature range.

In 1968 these reactions were reviewed in detail b§ Johnston3. He
found that k] (M = 03) = 9.94 x 1014 exp(-22.72/RT) cm3 mole-! s-1 over
the temperature range 200-1000 K. In 1976 the Leeds group4 recommended
his value. (The value for R here is taken as 1.9872 kcal mole-1 K-1.
To convert to SI units note that 4.184 joules = 1 calorie.)

The only data in the temperature range ~ 600-1000 K available to
Johnston were those of Jones and Davidson®. All other direct measure-
ments of reaction (1) used by Johnston lay in the range 303-559 K, with
most of these taken at temperatures less than 400 K3.

1. J. M. Heimerl and T. P. Coffee, to be published.

2. A. G. Streng and A. V. Grosse, "The Oszome to Oxygen Flame," Sixth
Sympoeium (Intemational) on Combustion, Reinhold Publishing Co.,
1387, pp 264-273,

3. H. 5. Johmaton, "Gas Phase Reaction Kinetice of Neutral Oxygen Spe-
ctea”, NSRDS-NBS20, September 1968.

4. D. L. Bauleh, D. D. Dryedale, J. Duxbury and S. J. Grant, "Evaluated
Kinetic Data for High Temperature Reactioma", Butterworthe, Boetom,
1976, vol. 3.

5. W. M. Jomee and N. Davidsom, J. Am. Chem. Soc. 84, 2868-2878, 1962.
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Several investigators, all using shock tubes, found indications that
the Arrhenius expression for reaction (1) given by Jones and DavidsonS
might not be valid at higher temperatures. Over a combined temperature
range of 1340-3300 K, Wray® and Kiefer and Lutz7,8 found their experi-
mental results were consistent with values of k]/k2 that were much lower
than those predicted using the Jones and Davidson expression. Michael9
used Benson and Axworthy'sl0 value for k) and found that his values for
k] lay progressively lower than those obtained by assuming the Jones and
Davidson expression to be valid over the range ~ 1000-1400 K. Finally
Center and Kungll showed experimental evidence that this rate coefficient
is about a factor of two smaller than the value obtained by assuming that
Johnston's expression is valid at 3000 K.

The expressions of Johnston and of Jones and Davidson describe the
temperature dependence of k] over & limited range. Sufficient informa-
tion seemed to be available to arrive at a better description of the
temperature dependence of reaction (1). The data of Michael? and the
high temperature data of Center and Kung!? proved to be in a form that
made this possible. A complete listing of the low temperature data com-
piled by Johnson3, essentially his Table XVIII, and that of Michael9 is
listed in Appendix A. The data of Center and Kungll are listed in
Appendix B.

I1. ANALYSIS
A. General

We desired values for k) extending from 300-3000 Kk so that a valid
fit (i.e. Arrhenius description) could be obtained. We should like to
use as much of Michael's data and of Center und hung's data as possible
to extend the temperature range covered in Johnston's review. To this
end we first examined the dependence of Michael's data for k] upon the

6. K. L. Wray, J. Chem. Phye. 38, 1518-1524 (1963).
7. J. H. Kiefer and R. W. Luts, J. Chem. Phye. 42, 1709-1714 (1965).

8. J. H. Kiefer and R. W. Luts, "The Effect of Oxygen Atome on the
Vibrational Relaxation of Oxugen", Proceedinge of 11th Symposium

(Intermational) on Combugtion, August 1966, Combustion Institute,
PA, 1967, pp 67-76.

9. J. V. Michael, J. Chem. Phye 54, 4455-4459 (1871).
10. 5. W. Benson and A. E. Azmworthy, J. Chem. Phye. 42, 2614-2615 (1965).
11. R. E. Center and R. T. V. Kung, J. Chem. Phys. 62, 801-807 (197§).

12, R. T. V. Kung, priviate commmication, 1978.

(4]




value of k2 and then determined appropriate high temperature values for
k] from the data of Center and Kung.

In evaluating both the data of Michael and of Center and Kung we
have followed Johnston and have converted each of their measurements to
equivalent ozone. To do so we have used k] (M=Ar)/k)(M=Kr) = 1.25
(ref. 9) and k) (M=03)/kj(M=Ar) = 4.0 (ref. 3) and have assumed that
these ratios are independent of temperature. Should quantitative third
body efficiencies as a function of temperature become available and be
found to differ significantly from the values we have employed, the
analysis presented below would have to be repeated using appropriately
adjusted data.

B. Michael's Data

Michaelg operated his shock tube at low initial pressures (~ 0.04 -
0.2 atmospheres) and large amounts (~ 95%) of krypton as a diluent and
so the only reactions of importance are (1) and (2). This leads to the
following rate equations:

dloslldt - kllosllnl i kllosl IO] (4)

and

4[0)/dt = + K [0)[M) - k,[0;][0). (5)

When the oxygen atom concentration reaches the steady state; i.e.,
d[0]/dt = 0, we can write

d[05]/dt = - 2 k [05][M]. (6)

Reactions (1) and (2) were modeled by Michael and the logarithm of the
calculated ozone concentration was plotted against time. He found no
significant deviation from first order kinetics, and k] was described by
equation (6). However, he had used Benson and Axworthy's valuel0 for

k2 = 3.37 x 1013 exp(-5.70/RT) cm3 mole-1 s-1. Later expressions of
Johnston3, k2 = 1.20 x 1013 exp(-4.79/RT) cm3 mole-1 s-1 (200-1000 K),
and the Leeds group?, k) = 5.2 x 1012 exp(-4.15/RT) cm3 mole-1 s-1 (200-
500 K) lead to smaller values for k2. This means that the time for the
oxygen atom concentration to reach steady state will take longer than in
Michael's calculations. The question is: how much longer?

|
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We have numerically intergrated equations (4) and (5) for Michael's
conditions using the smallest valued4 for k2 and found that d[0]/dt = O
is still valid in the time frame of Michael'’s experiment, typically 50
to 350 usec. (Rate coefficients derived using equation (6) will tend to
be systematically low but the error is less than ~ 10%). Note that we
must assume that the expression for k2 is valid up to ~ 1400 K. This
approach appears to be reasonable since Michael's data are not very sen-
sitive to the precise value of k).

In summary we find that the later, lower values of k2 do not signi-
ficantly affect Michael's results,

C. Center and Kung's Data

Center and Kung!!l operated their shock tube at very low initial
pressures (v 7 x 104 to 3 x 10-2 atmospheres) with a high (95-99%)
argon diluent, The time scale of these measurements is tens of micro-
seconds, much shorter than the time scale in Michael's experiment. A
simple analytical unfolding of their ozone concentration relaxation time
observations could be made provided that [0] = 0 or more precisely that
k> [0] << Ky [M]. Under these conditions

d[osl/dt " iy (M) [0g]). (7)

Numerical integration of equations (4) and (5) for their experi-
mental conditions shows that as one progresses from 2000 K to lower temp-
eratures the more important the term involving atomic oxygen becomes
(see Equation 4), and that for temperatures greater than 2000 K, the loss
rate of ozone can be approximately described by equation (7). In this
manner fourteen points of Center and Kungl? were determined to be valid
representations of kj and are listed in Table I. A complete listing of
their data and a more detailed analysis of their data may be found in
Appendix B.

The question remains: what 1s the sensitivity of these values of
k] as listed in Table I to the value of k2?7 It can be seen in equation
(4) that the larger the value of k; the more important that term becomes.
Here we have used Hampson's!3 expression for k) = 1.14 x 1013 exp(-4.57/
RT) cm3 mole-1 s-1 (200-1000 K). Again this expression for k2 has been
assumed to be valid at the higher temperatures. To test the sensitivity
of the values of k] on the value of k2 we have arbitrarily multiplied
Hampson's expression for k2 by two for the 2041 K case (see Table I).
We have found that the computed ozone relaxation time (i.e., kj) changes
by about 10%. For the higher temperatures the change is less.

13. R. F. Hampeon, ED., J. Phys. and Chem. Ref. Data 2, 267-308 (1973).
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TABLE I. HIGH TEMPERATURE VALUES OF kl FROM CENTER AND KUNG

K
2041

2128
2273
2353
2439
2500
2564
2564
2632
2667
2703
2778
2857

2941

. 11 3 g =)
Read a8 §.31 x 10°" om mole ~ @

=1

k; gN = Ar!
5.31(11)

9.48(11)
1.54(12)
1.76(12)
1.18(12)
9.98(11)
1.08(12)
1.30(12)
1.37(12)
1.62(12)

1.84(12)

tJ

.25(12)

to

.24(12)

1.90(12)




D. The Least Squares Fit

The data can be divided into four groups by temperature: the lower
temperature valuesd (303-359 K); the Jones and Davidson3:5 values, (769-
910 K); Michael's9 values (971-1384 K); and Center and Kung's!l values,
(2041-2941 K). So that the preponderance of low temperature data points
would not bias the fit, each group of data was weighted equally. For
example, we used 14 values of k; from Center and Kung (see Table I) and
in this group each value was weighted by 1/14. To avoid biasing the fit
toward the higher absolute values of k], errors between the least squares
fit and the data points were all measured in a relative sense. This is
accomplished by using a weight for each value of k) equal to the square
of the reciprocal of that value. This weight is in addition to the
weighting discussed above. The logarithmic method with proper transfor-
mation of the ueightsl4 was used to fit the data points to the two para-
meter Arrhenius form: A exp(-E/RT), where R=1.9872 x 10-3 kcal mole-!l k-1
and T is the temperature. The value k] (M=03) = 4.31 x 1014 exp(-22.2/
RT) c¢m3 mole-! s-1 was found. The number of digits carried is a measure
of the precision of the fit and not of the accuracy of the experiments.

A listing of the least squares fitting routine coded in FORTRAN for use
on a CDC-7600 can be found in Appendix C.

Table Il shows the average error for the points in each of the four
data groups relative to our recommended fit. The average error for all
the data points is also shown. The fact that the average relative error
for each data group is comparable to the error in the overall fit is
another indication that the fit is not dominated by any single data group.
The size of the errors can be traced to the large amount of scatter in
the data.

To check the consistency of these independent data and the robust-
ness of the derived two parameter Arrhenius expression, fits were also
made by deleting one group of data at a time. These results are given
in Table IIl. The evaluation of these two parameters is seen to be in-
dependent of any single data group. Specifically, if the highest tem-
perature data of Center and Kung are deleted, the subsequent expression
for k| extrapolated to 2500 K yields values only 2% greater than all the
data combined. Similarly if Michael's data are deleted the subsequent
interpolated value of this expression for k) is 17% greater than all the
data combined.

Separate fits were made to cach of the four data groups. In some
cases the parameters so obtained differed markedly from those obtained
using all the data. This comes as no surprise since cach of the four
groups encompass a rather limited temperature range, while taken together
they span a temperature range of about a factor of ten.

14. R. J. Cvetanovic and D. L. Singleton, Intermat. J. of Chem. Kin. 8,
481-488, 1977. See also, R. J. Cvetanovie and D. L. Singletonm,
Intermat. J. of Chem. Kin 9, 1007-1009, 1877.
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TABLE I1. COMPARISON OF DATA FROM EACH GROUP
WITH OUR RECOMMENDED FIT

Data Group Average Relative Error
Low Temp 25%
L Jones & Davidson 43%
Michael 41%
L Center & Kung 25%
All Data 33%

TABLE IIl. LEAST SQUARES FIT FOR ALL DATA
EXCLUDING DATA GROUPS ONE BY ONE

All Data Except Log A E(kcal/mole)
Low Temp 14.39 20.6
Jones & Davidson 14,60 22,2
Michael 14.70 22.3
Center & Kung 14.64 22.2
All Data 14,63 22.2

11




A three parameter fit of the data was found to yield the expression
k] = 5.31 x 1016 T-0.61 exp(-23.1/RT) cm3 mole-! s-1. The activation
energy is about the same as the two parameter case and the average error
for all the data in this case is 31%, slightly smaller than the two para-
meter case, The three parameter fit is sensitive to data deletion and
thus we feel that the data are not sufficiently precise to support such
a fit., The two parameter fit is essentially just as accurate.

Figure la, b, and ¢ show a plot of all the data together with both
the two parameter fit (solid line) and the three parameter fit (dashed
line) to these data. Since the vertical scale spans about 15 powers of
ten, the plot has been segmented into three sections.

For T ~ 3000 K the two parameter expression we have derived leads
to values of k) that are about a factor of two lower than those obtained
by assuming that the Johnston expression is valid. Because the Jones
and Davidson data constituted the highest temperature available to him,
Johnston necessarily weighted his fit heavily toward these data. However,
as can be seen in the figure, our expression yields values for k) that
lie below all the Jones and Davidson data. We do not know if the Jores
and Davidson measurements are systematically too highlS, or if there is
actually some pre-exponential temperature dependence in the function
representing kj that cannot yet be discerned because the data are not
sufficiently accurate.
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1§, Por a diecuseion of some data reduction problems, see H. B. Palmer,
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Figure la. High Temperature Data for the Unimolecular Ozone Decomposition
Reaction. The data of Center and Kung are taken from Table I,
the data of Michael from reference 9 of text and the data of
Jones and Davidson from reference 3 of text. The data in the
figure have been adjusted for M = 03. The solid and dashed
lines show respectively the best two and three parameter fits

to all the data.
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APPENDIX A. DATA EXCLUSIVE OF CENTER & KUNG

The purpose for this appendix is to list all the data used for this
evaluation of k) so that, together with Table I, it would be available
in one location for future use.

The bulk of Table I-A that comprises this appendix is taken directly
from Johnston (reference 3 of text). The only change from his Table 18
is the deletion of the six data points for which Axworthy added H20, or
H20 to the gaseous mixture. The references for this table are to be
found in reference 3 (of text). Following Johnston, these data are
listed for equivalent ozone (i.e., M = 03), and we have converted these
to cm3/moles using the conversion 6.023 x 1023 particles/mole.

Michael's data are taken from reference 9 (in text) where equivalent
ozone has been found using

ky (M= Ar)/k, (M= Kr) = 1.25

and

R, (M= 0)/k, (M= Ar) = 4.0.

Table [-A is comprised of three columns. The first lists degrees
Kelvin, the second column lists the reciprocal of the first multiplied
by 1000. The third column lists the logarithm to the base ten of the
rate coefficient for reaction (1) in units of cm3/mole-sec. All these
values are given for ozone as the third body. To convert to other third
bodies see references 3 and 9 (of text).
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APPENDIX B. DATA OF CENTER AND KUNG

The purpose of this appendix is two fold. First and foremost to
serve as a repository* for the actual tabular data upon which Center and
Kung have published their paper (see Figure 4 of reference 11 in text).
The second purpose lies in providing more detail to the analysis given
this data.

Center and Kung's data (reference 12) are given in Table B-I. The
terms employed are defined in the Glossary for this appendix. In ana-
lyzing this data set, the main problem lies in finding a value for kj
given the measured relaxation time, Tp.

Provided k2[0] << kj[M] in equation 4 (in text) we can write
d[03]/dt = -k;[M][03]. Since their measurements are made after the shock
we have

(M] = 0, (Y, /N, * 4Y, /¥ (B-1)
3

g RE

where following Johnston (reference 3) we have taken kj (M = 03) = 4k
(M = Ar). Since 95% or more of the gas is argon it is a good approxi-
mation to take [M] = constant. Then equation 7 (in text) can be readily
integrated, to wit

(03] = [03], exp (-k{[M]t). (B-2)

The experiment consists of optically monitoring the ozone concentration
and noting the time, tp, that the post shock intensity equals the pre-
shock intensity. This corresponds to a change in the 03 concentration
equal to p3/0y. Then

Ln(pl/°2) - -kl[“] ‘p‘ ('-3)

We want an expression for k] in terms of experimentally measurable para-
meters. Using equation (B-1), equation (B-3) can be rewritten as

*Dp. Kung hae graciously oongented that this be dome since these data
do not appear amwwhere elee.
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£ tn (p,/p,)

An expression for pl/ol can be found from the ideal gas law:

01/ = (RT) (Y /Wyp? "0‘/"'03)]‘l (B-5)

and measuring rp in usec we find

o (W :
107 &n (py/0)) RT; (Y, /W, ¢ ‘n;/"o.) % <%

ky (M= Ar) = ca® mole s . (B-6)

S
(0,/0)) (Pl‘p) (YM_/N'Ar « 4 YO‘/WOS)

Before accepting any value of k) derived from equation B-6, we must
verify the basic assumption that k; [0] << k; [M]. To do this, equations
(4) and (5) (in text) are integrated numerically. Because of the uncer-
tainty in using expressions for the value of k; at the higher tempera-
tures, a value twice as large as the largest recommended value (reference
13 of text) has been used in the numerical integration. Those integra-
tions that gave relaxation times within 10% of the measured relaxation
times were accepted as meeting the criterion ky [M] << k2 [0].

For example at T = 2041 K, the measured relaxation time is 13.4 usec.
I1f Hampson's value (reference 13 of text) for k2 is used, we calculated
a 12.7 usec relaxation time. If twice Hampson's value is used, the re-
laxation time is found to be 12.2 usec. Since the term k> [7] in equa-
tion 4 (of text) becomes the more important the lower the temperature,
the datum at T; = 204] K is the lowest temperature we have accepted.
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GLOSSARY FOR APPENDIX B

!usl Initial mole fraction of U
ug Shock speed (mm usec™1).
) Initial pressure (torr).

Initial density (gm/cmS).

.‘l
- Post-shock density (gn/cmji.
tp Relaxation time measured by Center and Kung (usec). This is the

time in which the 0. concentration changes by a factor of “/’l'

Relaxation time predicted by Johnston recommended rates (usec).

N Relaxation time multiplied by initial pressure (usec - atm).

Tl Initial temperature (K).
‘\r Mass fraction of argon,
:

Y, Mass fraction of ozone,
3

'Ar Molecular weight of argon (40 gm/mole).

L Molecular weight of ozone (48 gm/mole).
3

R Gas constant (82,05 cns - atm/mole-deg) .

(M] Concentratica of "third" body, (nolcs/cmi).
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APPENDIX C. LEAST SQUARES FITTING PROGRAM

Below is a listing of the subroutine used to compute a least square
fit to k) using the data listed in Appendix A and Table I. The program
can be easily modified to produce three parameter fits of the form
aTb exp (C/T).




19va

(Y2l 104 81

LI IR

L % .

Sinloa 26
LY B

¢ s0°a1

Si%10e »!
/7 90°1¢° ep°12e
L A P Tl

TESr® *Ewt® *Ewi* ¥
*EiIv* *FiL* *LlE* °%
CFaE* *pwL* "t
¢ OTRArs CpWLt CEVEr ¢
¢OTENES CHeEt CEvEe oy
CESE® CFert CECE CESEC "Nt
s/ intl* wes e )
N = w NOSN AN AW USVISSTR v
2 LY STt IV tel GetHlt Gt 'w
¢ NIt Qrtwlt BetwWlt fetw
VECHL AT ANtEZt evt 02t a9y
PR EE LY T L ]
CAGSY CAGKT CUGCr CHISt Celsge vy
¢ "HESY ‘WEY' ‘Huvr *u
CLLYS PTLN® *Eiet “aeht Qi %
/7 L 49* eest,
t = - NOLSNRUT Al U9eSSiem
SO0°12¢ 02°12° 20°12° wt*12° w(*1
LE12% SC*12°% [F°17° wL*12°* 4Q*!
PR L L AN R L

7 °E0%* °(0%° °FO9°* “Warf*® “weot* °fof* °¢
¢ *(af CEAE CEefC ‘tar* ‘hel* ‘fet* °*w
/7 1T wme®* jfe1e
Sinlue 9! LU " w v
/ NR°07C netil2e (2°¢2° umn¢
/ U 2K°* wem* {1}
ra oé‘.- .\”I Iﬂ”. ‘e
/o120t wese )
Sinifa s U ® w viv
/ NSCele getels Z el 1 %el* (%G1 aw’S
Lt 18 18w iR
£ Et NSt et Cliet Cewit e
7/ (212 121
Sinvloe ’N s & VivU wUS L
/ @1°ol°® o2%0l° QL O1* oo
1Nl egtelr LUtelt et
LA TRA AR PES RN Al S SRR )
¢ a0 °S1® Bn°Gle SU°SLC ancy
/7 1 9¢* IERLEREN
/7 *0la* *0le* ‘oeme °
2 PLimE *9Ngt T
¢ 290 * 28 Qv Ce
¢ eyt Wit ‘euit e
s 1 e 1ee,
Sinioae 02 NGy e - Vivl Susige

SINVLISNOD) JiUm 4wy
ONODIS=3V) 1 nva/Feenm)

7909 Ny

L0 " | g, Swmas NI Ner o

10 900 el 40 IN]LE0GN ey Nawg
Sl ey N dev Siengs
N ¢ Y o

NOLLWONE ML 40 IN¥LSw0) auvs
A R A T

wiZ2) 4,

(wld) gy

NAFARE LURIETEFARE TLEE 2 PN
PAE LS FANS S
iNAanNte%javititai ) ey

Je=ewipiiim 1w ay .y

wk® vyt
L ey
Lo °Cef
ve* cEwe
YL tEer
e CEel
i) wivy
A0 wVaSSI W )
{* 92wl o
1* 0%l o
€t Smt0g o
A% vivy
0s® *i0n e
HY* LWy o
vt *wle o
4 TivQ
ViV Niamwy
2° St o
Z° dantlc o
Y eav
6t* *(of o
CUR RS L L
PR BS ¥
LR L1 LR 'Y )
2* W2°C7 o
9% wivy
St tevl o
i0ovivy
laS dnl dnse O
1* ea’sl o
Y vivy
av* “efy o
'R F3 Y
Vi OUNY S aNOT )
1* Ceo*el o
1o 24°%1 o
1* €a°*l o
i* al*sl o
Y wivu
wwt ‘vl
*ut yew
Zut 2w
Lt tevy
i viva
Vi Omy % INUT
s vivd '
s viv0 9wy
NUD LYY ey
L = m- o {Q
=i mus ViVU
19 vim
wulsnimiy
LEFR LR L E+)
wUiSNemiU
NUlSwimlO
Yo/ Nom=mUJ
" MY malire

vVevvuwe

rei Loin myerilma

s

s

st

u

14

ve

!




V4

‘veinllaast 4l lus
Lol*vulisn 1 Ou

»!

€0 & m O WiV Uniin UNY A3ind) LasANU) )

WL i%N0D
FLa20°Ye vl Ingstin) I e

CONNDSS- 1 WOn/Coend UL LBJANOD O

(uIIN9Yoouloiniluy

(FIRE L RLT AN TRR LA

Ewlicisn 0l 0O

7 2100 1021392°¢°21352°2°21 090 °1°21 929 121 UF"1°2149C°1 o
AR LARSAREL IS EPART ISR ARLVEARATAFLINA RS R F DL AL LR 8§ IF) TR d Y
/ tgol*ewis (V) lae) vivl

7 IR0 CUSNZC CRLUZ* CTOLZS TUwNZ*® CI(9e* "wvsl o

¢ Ce9SZt C00G2° Cele2® rSEZ*t CLL22% ‘w2t C1%02 o

/ fiel*ovwleN* 1)) vivd

*NOvevem C OIS i Inw/Toem) SilMI N1 51 9490 SIW D
"UIMIEW | YVimaus SNISN D
CIMNYL wUBs VIPU A One B4iNE0 D

/O20°€ 1 20°CT1" FQUCL* oL 1 C(L°Cl* So°C1 o
¢ 29°E1* EECC1® 12°C1° QI €1 WS E1® ap gl (1%}
S LIELs 9t El® 9021 Apt(!l* we (1* weLl* So°2!
¢ L1ETe wECEl® S0°21° Qo'Cl* SO°C1® oe°(l* we (!
* 0ac2l* wE Cl® ro°Cl* o€l “C1* eac21* S0
C WRC21% QICEL® LOCET1e (1€ STCCU® @ *21% 22°C1* fFo*Cl* 12°C1
7 (EWloiols (1 les )
/7 *Q9n1* ‘wwet Z%01° " %01 "6 *eful
¢ CT210¢ *uslle *omiT* *qull* °CCO1* "o ll* “wolt
¢ 0921 2601 ClIC1* ceaet “ocol* “pvolc ‘gef!
* ot C25110 ceffl* “yuel® “tegl* et}
¢ CRUTle CE2C1° *yell® “1e01* *qoll* *w2(1* *wwll* *s2c!l
¢ CORC1® CeU21° el CQE2T1* CEL21* o 1* *$821° "yq2'* 021
7 (€wlelotleN® ) i) wive

(S=301iava/Ceem)) ((Oom) ¥oW1=307°W o ($S=3YW/L~jeaii]l V) (guon)is )

SiNi0e (o NULAHE * = iv0 Yiwe)

/ 20°12¢% a0°22% 91%22° a0 22° 69°22° 14°2¢° 18°22 o

O L122°% €022 19°22°% 29%22° QAT2Z% 99°22° Wv2lt 0922 o
¢ (S22 w0 (2° 1°Ce2* “E2° 00°(L* 92°SL o

/7 teelegZleN* (V11w ) wiwy

/OCOUES COUE CCUFY CHALS CeeL® Cevi* Cev( o

¢ SO0 Crer® CEOc CEOr® CHe(* L9 CLUL* 2% o

¢ tZetr CZart Cev(* Cevi® Cen(* ‘fo( e

eeleptleNttny i vivg

i >

’
Sini0ae 12 (0 » » Vi¥Q aAwjgOaxy

/7 GQ°EZ* 9N"22* S5°¢2° 98°22 o
¢ D02t KCT22° S8°22° ist2et wet2
¢ B0 (2" e1°22°% W1°22° alt2er 2822
S WGP 220 eG22°% $8°22° wet2e¢t w22
¢ e 22t settee 12° ew*12* o1°22
-0—-&&.l—-&s..—.&ﬁ.'—.~&.uc-
.
.
.
0

WO 220 a0 2t 9% 22° 1§22 2522
2H°22° 26220 25°22° 9527 w2
GQ°22° QR 22 §8°22° SN*2¢* unt22
WOT220 Qa22°% wet22° et vt
7 (B11° @9t (V) leu )y ]
7 OCEWEr CEO0 CEOrt CESTS COGr* CL9L® (9 “(VL* (50 o
LR Y AR TR R ¥ S T & )
¢ OfFect CEOLt W0t CEGLt CESE .

¢ WG 22 W92t wet2?

e2°eC ttl weuivoc/ 29%09°9 N,y Je=suimnnig e La40 LTRA T

Inin wvavonae

S0t

S

LI

A A

e




[T A4 154 3

wisoe/s

Z5%e%"w Mg

L E]

ERTRY

(Mo lmac {4508 VWD

(Hl%e SUNIUA WiVy SU TONMOZ0aS/ ] (Yumo s
NIGL V) 4ilnm

i(slvm

Jewenniinim 1w a0 e

»e

Tain w¥ating

et

st




NN ot i 'l sNulivang )
O8L 40 L3S 419149 maa¥ sm] NIAYS am 0 w4r § Aals A0S )
SEPZRULIPLITRT s
AL PRI e
a3 le)®glalAVelal laviliumasllinm

(mimein)laeilismsil)ve
ari (ei®elelAveialAaeliss/) Jusgog) i
a1 ) AR TR PR YRR LR RN ) us
el isilol) W
wtlisw 0w U
DAL RS S B i vt
Zelsr gt wJ
C'os(]isa S
eis] o
Clels 0w 00y U
CSINY LA D3m0 ISNTR LD den00 dmg Onlg Oy divmail
tialaiules tw) VA vl
EL k) (mlg/ et aing o
IR PR TR Y RN )
welisa 02 w4

COLNAl I CIwan ST LDodAn0 ) dml ) wolivalaiagar (Sals v S Sle )
CUlmm gSNT R, dm (S S w98 gy )
8/ o ¥ ml s A N) ) St
W09 4wl 40 L1g ¥ milm amue L0 0y0a09 V(@ ga ) E
a3 0%9s)
LA 1] J
R R R P R R R Y Y ) . 3
Clai g 90Ye e T AW 0V Nada dm LShe (aig/tlslisian ) (1%
CLMflE dHL LY aT 4 wi]e SUayY e Un]9aTe, AP J0TE In NYD D -
(HeoU) o ¥ & 4 i
» U WOlio%N3 ¥ AW Ll Yy D
scsccceee J
ELE} { ¥7) iag) ¢ ¥ & 4 ) L 24
WO Jei #0 MOTLONGS VW AW 1 S4MVORS 4SVIY )
*sl/imiansiniga et
ioi*owise of W
v/ inlgRainlna wl!
telclvisgs 9t 04 ee
*tll/7inlgRsinine it
gelvglap 4! 04
i’/ imiaes(alnn vl
(Z*1mw 91 00O
CANINNO G Aaimtl iR ST WiV gU 400aY WOVE D L
( eiB1 a1 /0% lu(n)ma s

wtlsy &1 0y
CASNIS Il v in Y N G4eSYim inY SaOsed D
. esccssee J
CUdnl *AUala 00T tuEe-laY b
6 CNim Cmgwg gu T CieNading 2
2
2
;]

ot

CwOLAVaNTS 10 NE JIAUNTL M) e
Y PLRLEFEL]
G@sessatssce LA AR 1]
(€*¢) V7 em¥ i/ nonal ) >
(€18 1L inm wulSNem]O
(W12 aa®iml ) Ciwl s iAartiwlZ) Y .
LR AFART LEE AP AR LD AP AL EE RN B I A R DR
(W) NN N iNunens 1

v 29v¢ (YA I A A TR I AR 729%9°%% iy femswiiNtm (%40 wirwy A5 NS Inlanuawns




ies
PR |
LR TR R e et cot
w® /il 4atlts miEmd smalloNd) jtanis Vav!
wasiadalewidiiee
PAPS PRFTE T F ] AL E LR
siel 1wl gl
sipidatIinlavinlginglovl Jilmn b

TP ETE T RT
SR IFYA' IR L AL )
siga=lalan’

wt'sa Onueil

*iemey ve
vl wlin swi unly D 3
SNl awi Qun! <
aly Ny eos
. wmy divieiplaletaidanin)s Fi
welsw Uy¢ ] ~v
L
wYs vy .
FSNTAL dni INTEI0ant ANiRaeall 4
TR L UL L P TR R LAY |
™ Ly’ uw S L2
L AR YL 4 re w»
P 1 FIEL S T J U -
Yy ¥ 2 L 2, - -
wyem 4 LigiseNs] 0w je t
- i 1ne i
wiaut ' AT EEF |
Shsiaend ~ M
‘eoe 4 mEme s e
PR RN L BT 1
feige= & A% R s
atles 0% 00 s 2
veimang < W
R TE IR L E LR L AR R - s
wtlse 0§ O =
Camii momas l4iwulge ) -
Lta 4%L mUrg SA0NA ML AsYAwUD ’ v
Woyrtee® ¢l smlte yugt (sl Tunis ‘
NIy iyt “e
¢ )
1 PR L ) e
Samtsl gn S 1)
- . “v)

= * 4 i J h




I9ve

[Tl IRd9!

wi/zec/ 1t

LR}
LLUVEL]
(219nls 1v)
alewl®aliiN*an) M) o)
(WiSalsqn
SINT NOD
UL IR
(Foqm) Mioemdo 11°%a]) MistPog)) My
wnelaasr Nl 00
mi=siwtgl) m
LVUALla/ (3%°g]l) Miengy
(1)Salnq]
wtlans]l 91 Ou
legslgn
(utga) Ns0A]le
tW)Salagn
rsialasylisal
tAldy1lisal®tuisel
(w1Saler
vi*SI*oliv=AlavQ]) g}
L1 0y 09
12)9m]s MNy)
tlestectangv ot
M) In0D
Isalaval
3215919
lcltett(alu=3215) 41
(d11SAWI%el(n®al) NIy 21S
t11salsal
wems] 11 ou
eyl
fancisn 41 oJ
1w luw
Vil w03
0*osilisSivw)s
t1r9%ls 19D
S 04 O
wonA0B/0° 11 ]) 53908
C*9°C imana0n) 41
Min] gm0
IR 1) VirsuVenguane
P21 irc ) M) Savennvain) g
Ne*lar 2 g0
0 unmgnans
ivi]isal
welis) s W0
CRLL]
CCHMILSAS DIVNHINTY AV INT T 90 NITLNYUS mAL0am0D)  *Bddom UNY JRiASHUS
MEFLELEFY L
“NOLINATASHNS m)we
GNY SOTLISIaw0) 30 (1Y WY 9N[S SO (vii0d Divanive
AYINTT 40 L3S ¥ 9N1AT0S #0g W TB0%TY OavaneLS ¥ S] Siwg
(Z2%2) M7 ouV L/ Nunm) )
12 15417507/ %0mn0)
(2 1S3VW)s Nulsugmiy
(%) 40D 900 e ] i 0onRnS

P2eeeyte Ny /e=sniirn 1% 40 “i/w ani) ) ANl invewns

L)
LA

ot
vl

s
.l
(8
21
1"

at

Vewvwuw

55

s

Se

o

(13

ve

st

13




b e ” g . — -

LR
Nty de
leal ! Vs tms=tlinrei )y . (%4
IFineti gl Niemnsanny 3
wtlaler £ 94
Vtummns
1e Jalal
(1154leal oe
W)Vl =lgus]
NeZeulVN] ® OQ
Neal M/ iNIYEIN X
iNISalsal
wiih=(aglinst]x <l sl
(Fine (gl MiemNGumiis
twi®ler | 00
2°geuns
l=lsln}
t1isaleal
neewl 2 ua 3
taliymst oy .
(lisaleal
lennlaw
L1 L] ~
IEATAIREFA T PRI s
2 15Al/S50/ moman )
(€ 1% (¢ 1R NIISNImU
Tttt ga 10N sl inomsy 1

e

-

ol >

A2WECE T w1t Zhmaets Ny Jemen Nt Taiay AT A0S Hel L0 e




Jnd
~any je
£ *3A008 N1 I0IALIT 0mIZ  *3S04m0030 N1 vlaive BV INONISOM®S) (| Vus0s 21

t *I1S0aw03 30 NI AR08 0N WilR TlAiVRON®S) [ Pun0s it .

(210in0N) Jilemi2*ni®ana]) ol

(11 nON) JATumiT nitana]) 41

9o 0N
(AMRLIONTY 4Nl LnUnens 1

L] 9v4 a2°0C°Cl  euL/s06/71? AT T AL B O] /e=ssinniia 1® a0 v/ ONIS INTANORYGS




(003G (Z9%C WO dewsl®s  wie 4902€°L GU® §4*1"( Zuequtte’y
[N=3dl11€2%9 WU 49m2 WU® 3ZMLN"S  Ble g V%01 20e4ulncd’y
[0=39926°%  NU® JENIS"Y wOs IN0WR®y  GU* 41990° ]  20* 300428
(0= J22020€ WU IONGL ¢ HUL IS WU® /(08" 2030082 W
10=J2L0A"F MU IReIv®l w00 4i889°S WOe 45e26°n  20°300%¢°w
LU= 39289 F WU 4/9®*/  ule Jundi®e wie dov 0%, 2u*40021°%
10= 399168 WO JOFZN"1  wuednZUl2°Ff wU* 4LS68°Y (e 30026°¢
10=326n°G  wue dZ1E0°E wUsyWlnn®¢ wiOe JNE2U®Y 20e300iW"y
10=361M1°G  wUe 3 1WL%2 wO*IEWES ¢ wUeJOWOL*S  20°3006L°L
TO=3SK 1A NOe3NYSH®7 Y00 3eabS " WU ALSANTY 0300w L"y
TU=dL60v*y MU FIZ9 % wUe 41991°2 wiequmgw® L 2u* 400066°
20=3%u%6°% = monMs Qaiw9]am
Yoo ISl %1e & *lejGf ik = ¥
2U=49¥90°s = aUMad CUmSlanm
s0egleil®l= = ) sleqvtit®y = ¥y
2U=3%Men"y = rOAms U3aiws]ie
*weilgll®le = ) vieguti€*s s vy
CU=3%ON°e 3 amuAng Udim9] 3R
Yoeglvwli®le = ) *leginit®s = y
20=3%¥%6°y = nOand Qismo] je
st 4i19ll®le & ) viegoi i€y = ¢
2i=3auvn’e = sudrd Ui w9l e
LIERTTS S I I *les0wil®y = ¥
CU=39C9("°S = nuApd UAiIn9] 4e
*Uednalli®l= s ) *legonue’y = ¥
L ® SinlUa ViVO S0 *ON
wlWINg 3-8 v il i1Slesas
Al g g=Ts 1 ottt sClesay <
w1 = ve seelt L00S
wiING 9= ol 921t =¥l
wl g g=Ts vol sttt avy
CIRLUTW TR e 9voll wn e
LRl PW Lty “e 2990l SnyIL00
41N 9= 1t tevol LFTL
B1INg 9=8 L9 20001 LLRIOU
CHRLTE L €. eyl sil4439
QalMnge=Ts .. ('8 IS s N0
L 81N =S s oty 3458004
QlIngg=1s LA} S99 (LI Y]
@l 9= st otey LIUNTR Y]
#1890 i 91y awSmlis
LR L P Lt .. (2l *ulw02
CE LT LY 1 2¢ely Ssuiven
BN, 9= oLl *°9S 70w/
Al g8 e 1% 73 Vg
LR L P Lty 1 0Ly 7Nt alss
ue . vivS LIS Y
09N w2t S5 oS
5 o8 ! 19¢y LLINEY I
o6 ¢ PR Y ’Sus
o ceof 10 iSIs
nal . Lice AL IV
0 vuee v 11 Iwim
099 [ ot 7Sy
ilis LFRUT A S5 amuuY 0
0 CTCLE R bR w/ett “io%iT WS PR ) Twim ¥ Usmiing % 17)e  s¥nSine
1 1994 CeecwiCL!  aysnist B0 walsHiIr =Inyn A - R 2| z ‘- IR




10=32912°%
10=32%12°
[0=30€C T2
10=30€E 12
10=39€E 12
10=39g00"¢
10=3EAlecs
IELRTTL YL ]
(0= dm09" "
1e=3S2e 1
1o=3tlen e
o= dunst s
10= duvNg ey
19= 9L
10=10212°0
10=3069¢ 2
10=0906°€
10=31C0F
{o=30¢90°2
10=36828°C
20= 30024
1e=31v29°2
1o-jleEr e
10-31992° 1
10=31000°C
(0= 35007 (
(0= 350022
To~-j0020°2
10= 9502
10=3SLv"2
10=34021°2
10= 36092
10=-32¢Lw¢ 2
10=35095°2
to=-32¢ec 2
10=3002 "2
10=-36002°2
10-3002,°2
10=-30002°2
1e-32ivws*2
10=9as€2°1

10=3050¢°2
10=30%00°(
10=-306856°1
20=-312%°S
to=gtet ¢
10=3218a°¢C
10=3twlacg
to-31200"
10= 99950
10=315€2°"
10=31%02°0
10= joWvace
1e=390C 1"
10=32092°
(o= dquiw*¢
10= 36295
10=3049a"y
10=We9% S
10=3511acf
10=31S1¢°>

LR T LA
000 45195° 9=
60+ jedue” (=~
00° jJowoe i~

00 w911~
S0° Jovee w

SU* 9N W

S0* Je299° 1
SUe3evoe*!
SO*9%20:°1
L1 LI LA
S0* 39012 ¢
0o INN99°E
"0 1591
*0°*310¢s°2

*0° 302261
€0+ 30€Ca0"°1
€0°3500;°9
200309969~
20°3440K°2
200 30989 ° o~
FLLE 1818 &4 £
20911
200 39k ve" |
20°3s01C"°1
10°30909° 4
10e3%9ev°y
1039009 ° ¢
10032942
10+ 3%00v°y
18 3292°%
103618,
10e30449°S
103518 °s
10 guyv°’s
100 32942°%%
10e3110n°1
t0*3ltee"t
203144 m° 2~
10°9€409°¢~
1oc3ttette
00 3lest 1~
10=3 0% 1~

FTS LT
10+ J0%92°¢
(0% JoSte?
60+ 31Sve "1
LA L AEE A
80 2ol

T TS
WO JOUGSTY

100 350101
100 350 1n"1
00 JoCly°w
Oue joclocy
o9 joEince
ave 4wl
00 44wt E
S0 gr 200
LLLF (¥4 Tl
SO 4L99N"W"
S0 31EwL"!
S0 g9209°1
LLLE SUARS)
1L AR
v0+306(0°S
LALF LITEASS
v0*308€0°S
*0+ 308€0°S
*0* Vet
w0 Juunte
v0+JueEe 2
LULE | LIS Ad
CoeJoenl2
[(CLET{ LA
Cos J2wev’l
2us3uize’e

20° Juooi’Y
20° Jvesu“?
200 %52
20°3%tl00°2
20+ 35100°2
20-3%100°2
20351
20+ 381
20351
20+ 3sl00°¢
20+ 351002
20351002
20+ 31ewE*!
20 3lonc"!
oo 2921
20391991
100 3999("
00+ j9lew
00+ p0l05°C
60 3tgen"1
0o J02e2°s
CLER T VTS

60e J2ogo"2
860 JZo0*2
a0e g2oeg"!
a0eses(*!
a0e Juge2* !
a0 9% 11
LLER i S LA
LLLE LY TS A
woe 4%02¢°y

BE————— e

[0e3owne”l
10e qowse*l
Ule3logv s
Guelope’y
Obejlopy®y
Uoe 32E% %2
Une se0w0°2
Yoo gaulel
voe gowin’l
wie §6220° L
S Jooen’e
GOs oot 3
whe gotave
SUeJesve(
ALEE LA e ]
oo Jlvpe°e
e jlesi®y
Yoo 3 000°0
0o 3.000°%
YO0e JLSe0°Y
voejlegv e
Yoo 3oe0L
Cuegn2is’l
Cuegosee’l
Co0e3i022°!
T{LFTeeing |
20e30892°8
200 J0i0*"S
20+ J0W9("°S
20+3€000°¢
20+ 32029°C
20+ 3%089°2
2Gejlegve
20° 3%00%°2
20+31082%°2
FLLR [1SYRS
20030082
20°3008s"¢
FALEF 41 100
200 3102v°2
20e32v05° 1
20 g2ves"1
CU* 3059 s
Couedells”!
10369 2°¢
LLEY 1 4 L

s Jelts"!
S0l
ebedov 1]
wie JoLev"s
d0edlesi®y
L0+ 30510
o0 jveie’(
LIRE L3

YN LI T A ]
LT T TR A
LIES L TIX A4
©0e 329 "2
suedlene*t
LALD FRETAR
LLLE IPL L ah

200 400E9°C
203006V E
200 300€5°E
2Ue300ES"C
20°300€8°¢C
20°3006%°C
20+ 300€v°¢C
2U* 3000%"S
20°30005°S
20 30045°S
200091y
2030091°s
20 30040°S

203000’
20°30060°
20°3006%°
C0°30044°"

1"

NMAAMANAAANAAMNAAMAMANMAMNNANMANMAMANMAMAAMNANNGONANANAN

L4

20+ 30090y
20 J00inty
U 3000y




10« 3win 2
EAE T L TR
(g=gvdetl* i
1o=j39lntlsl
10= qous ey
0= joo0ec?
Z0= Julivery
20=Jusrts
Tomdoug 7t
10=315%2°1
0= jnvunte
to=gzocat
l0e jilHety
10e googr
lo=d78af*1
10=mSunte
LR LTS ARE S
1ne3ne2re{
IEEELLFE AR
Toe o821
1o=3owy 2!
10=3eff1°2
10=32%r ¢
tged08y 2]
1o=qom 2!
10=300tust
lo=3ot§ 12
10=30%0¢ €
*o=3108F°S
*0=JlosFS
lo=32el2et
20=35957°s
lo=3gt20°1
to=3i1c0°t
1o=jdo9s2°!
1o=39181°2
1o=3et€r*2
to=ge€(te2
[ R LYTLER
fo=3a8ep°!
1e=32607°2
20=31068;°
o= 31088 °s
20300402
10=32%27°1
10=3¢9l2°1
A EE AL T ARS ]
PR [ AR
2c=30w9 1
AR LT L R
Ihe jepncy
Z0=39982°S
0= 992"
20=a8va2cs
Z0=dsvel S
to=dyt2e 1t
18=44120°1
10=dow 21
fg=dou 2t
to~qowyrt
1h=qewy2*t
to=3o0in*i
Th=dlqunsy

Tue syl

D0 3ot 1~
Ge drnlete-
nuedweliéte-
IEEELYEY B

UneF 262t

Te= e 92( "5~
ti=d1198 %0~
Gge320e1°2=
n0e3nl2eLc?

Tu=aStwn®y

R (R LA ad
fGe Jesit® -
NCedylintl-
1= 0% s

nhe 3wt

Ghedlalsts

o T IS AR L]
foeaZnlte-
nGe 3201 e~
0ne320s1%2-
GCe demletle
BLe3008a" 1~
gbedeogi*é=
fged20y1°2~
Gusdlointl-
CEEE LY L A A
Coei00ee" !~
Z0=ave((* 7~
Jo=3vef(*r=
UREEL LA Taa T
16=31198%0~
COs e it~
noedee -
noe 2o 12~
Cosdempett -
Loe Jouoe 1~
aCe jownet i~
10=30060°1

16=30060°1

IEERTLATORA LS
CEE (R DRSS

ZU=JevgLt 2~
IR TR SRS £
EEERL T TVRE T
LR LT L PRl T
Cous et

Te=38iwe"y

To=39 0e°¢

10=gu(o**¢

Tu= 020" 5~
10=31198%s~
to=qrle8"
10=31198%8~
Tu=dtlen e
LS L LTS o
fus Wit~
foe 012~
GG el r-
fus 2o tte-
ALegenytte~
e lmnt2-
LR T LR

[Ue s9gwe®e
1os stemu®d
lee HEwi*2
1Je3tuo*e
1o0e3avle’l
lueguelec!
1Uedselnst
tTdegnnrin®l
1oedgeln®l
1Uednelinci
1Ce ghelnl
Tue downy®!
1a0e gomyy !
ELFTE T4
Gue nfos*g
03 Jof0S"L
10 36(0s"C
Zu=3SevE’y
1oegnelncl
Tusjsele!
Tiegsuele®]
cussLEiotw
cregtilotw
1eegseln®l
Tusgselntl
Toedseiel
ooedoi!n
noejoctie
10 49590
100 Jvs 9

19 3%%1e*l
1oedsele*l
10eduete’l
peegoglntw
stsjoclo‘w
seejocto’s
10es(s"e
1Cedinin"s
fee disfs’e
Thedusui’s
TUe duev(*y
100 4949( "0
TUe gusvi®y
T0eguswi’e
tosdpole’!
10 dnote®!
1heggeln’t
tuegeolat?
Tueigeln’t
Tusgsein®t
10easela’]
Toedsetnct
1osgsvlin”t
1o gsoin"!
100350181
1oe asvln’t
1o as%in*l
10« 359101
1es dsvle*!
10036%18°1
Tusgsvin®l

lue J0L20°Y <20 300L L 0
lue jneenl 20 30099°¢
oo geloe®]l 2030099
IEEE TR ST LS SENFL T I L AT
Tue J0240°%y  20°300Ev°¢
10e dwetd®e Z0=3200E9"%L
Toe i lve*l cO0e300ES L
Tae jauliv®l  cuesulio*c
1is da¢m®®] 2030098
10e woml®g  Z2usg00e9°tL
cavene’l  Z0e300Ev°C
iusgellsnl 20e30029°¢
Loe 41120° 1 200 30029°¢L
Cusjotens  ZueaouesTt
DO I0LLLTY 203009

20~ jpebt S
Tus s5eev°l
Tusjsiev*l
10 35%40%°1 20°30069°¢C
Gesilegwty  20e300€(s°C

LOe UL Y Z20¢430068°C
1o 3Suen’l  gouejoote g
100 39409° 1 20°4000%°C
100 JIlgvw*l 20 300E9°C
VoeleuN’y  20°30085°C
DO joE20°9 20 10
1O JRL9C*Y 030004
1o0s30E0L°Y 20°3000.°¢
Tosguwun e 20°30064°C
ISERTTRE A S L R TTT S A )
Tuwdli€4*l eoegong
10e314€4°1 20e300€C
10 45409° 1 20*30009°C
Goedle ¢ 20e30018°C
woe31 ‘v CoeoOLSC
tosdtogv e :
10+ 305%:°
10° 306950 20° 00t
Toe Jloed®s Q0cg00Ew* s
10e j2v%ui’

oo gueoL’s

[fejoowe®s 20eg008s°¢
Cue00EL"L
20e 300048

19e30000°2 2ue300€%°¢
1hegevan’l 2030069t
Tusgueen*l 20 3000%°¢
losjreve*!
1oedilon*l
19« panwintl
Toedawin®l

Tosaluts®t
Tosatuts*

10e954

10005

Tosasi

10%45unv"1
T031129°1 Zespuut

100320081 Z0sanbiv*s

.




T0=dE2v 2
do=davi1t
to-32%ir*1
20=32uvacs
20=35s51 01
10=3wwis°!
Z0=3509.
1o=N08u"?2
10=420%e°2
20=4400m8"S
10=34(2Zwa"y
10=4luCury
10=3008s°¢
10=3.2Ce"1
10=3y98,°5
10=36¢206/°y
10=32vun°"
1o=321%a"y
1o=3 0%0°9
[0=40950°s
1o=3i€90°1
0= 39051
20=30l0f "¢
10=39Cw 1
(0= JewSe e
1o=uwetg
10= 49940y
10=36140°%
10=-32094°2
to=3291t°¢
10=32992°2
1o=3e0w1°S
10=35lwn*2
10=38vve°¢
20- 4t e
20=-30095°%
10- 348902
10=3wl°(
10=-380Ce"2
to=3e9l9°!
20= jivvecs
10=3400¢°2
2o=34042°1
10=30692"
10=3C0ef 2
10=355C0°s
0= dusvey
10=329%9°%4
10=j08wc’ s
10=30%("»
Te=320.%
10=3090a%y
10=3085;°%
20= 3259+
To=§2%25°%
10~ 3dwowy*?
{o=3500/7°t
10« 30nvecyg
AR LTINS
sp=3106F S

¢l 3vent e~
Tle guvopcy
Clejuvisl®t
IREFIVEY Al ]
Oleiwiud u-
Tledtier "y~
Tle 40615 L~
2le36lget 1~
tledolo e~
1lejdiswe*e
21e 392wl
Zle jowe"y
21e 39915
tledlgvo g
ol=3%0Guv"t
slesnlonots
B0 jueslty
olestaler!
LU TR A
Glegolngd*!
tUsIINEYT2
(0e 31069
LLRF RS T AN
LURF LAY L A
60 3va 0%y
Cle 329661
olejiSew !
Dlejlovote~
IEFLITTE AEY
alejeise e~
IAF L LR TRA
a0° w0l e
LY AN T4 Tl
oleisses 2~
IR F TS 8 Ml
abejleuy* 1~
Ofegoytut~
ale Jovev e
LYREL T4 1 04
CLER L ATE Al 3
LR LAY P B
AR LY PR RS £
w0 J908 1"~
LRI
nlsgen2ét 1=
Clediolsti-
LLEE (8 L S
Glesgunglce-
LREETEY LAl 2
0lsdegi02-
fls ivons [~
Clejostie (-
olsatesez-
LARRITEL A
LR PN T
nlejtopl =
LEA R LT LL Al o8
10e 02182
0l ghewer
ML LI R

GUdinleaa Sdinl ) Iwwogou

Z1s 390090
ALF SYE A |
Cle 26wl
Zis jhoon’y
AR VR L0
AL TAT AL
[A5F LIS T A4
2135195
Cledlivecy
2legslon e
FARFLTEVEY
2l uesl*c
Zleg9sy2°2
2l 3ielel
olegeotet
CLRE L1 1S i
0ledlseo*t
oledoogecl
ave §9500°
6Us Joese’y
elejeyence
eleji2tece
aleduiusct
olegs008°¢C
LIAF L4 P84
ole ool C
oledeogteeg
olejgictey
olegiguoct
alejoloe’y
CLEFTEN L M)
ave JLSE9 YL
Olejwove*t
oledosnt’e
vleguo2n’s
olegonge 2
[tegteoo“t
oledoouv*t
a0ejli2s"e
eledeolo®?
olegseri e
Cledosc’s
oleduense
eledgol*l
Clednssi®y
Ole Juucs* s
6le dC00e"9
olegtyiie’s
Tled2use*t
olejlusucy
elejotetes
olejotar e
oledeuly®y
1le gevgo*t
elegoele’y
0ledis08°9
Gleduasice
1O nei®
IARE T4 TR
1O oS

IS ———— e

ELLELE P

Tu~4dvie n
le 30009y
Zle 4p09e’y
Zls30000%
Cledoove’y
éle joodn’y
¢le3o0ue’s
dlejooue s
c€lejovet®»
ls3pene”t
CleJuody®e
Zls 3000y
21e 300915
21e30206,°¢
2lejovei*e
Ole jycdw*e
vle juveel
Vledsuie*t
vile g ese*2
vieggrett
Ulegoeti®e
Vle jdonue®e
viej2ilece
Olejutlys°g
Olejoene®y
Olej2ens”l
LAREFRTY Al )
01e30240°
olejolin®y
0l jellis®t
Cledlone’y
00 352Ws "¢
Ol g2ous’l
Oleg2ons*!
CledniSe®y
0le30240°y
Olejuols 2
Oleatoli’yw
01e 40412
Oleaowe(®l
Olejgwine?
Ole jot9l*g
Glegseus®y
vlejuols®e
Ole300%0°2
Vlejgesetl®s
Cle goteo®e
ClegiCul’e
Olejouvi’s
Cleganti’y
Clegeowi’e
Olejgenet*s
0lej02¢0°®
Glejoeve’e
Clejisen’e
Glegzaee®y
Glegnige®s
Cle gufie’s
1o g21e2%y
10 4iSen’e
losgfion e

ess00eePRee

s oOnei Nie
C0s01ea"2
oo Josse e
EUe 30842
foe3060°2
FoeJ0uvv*2
C0s302€9°2
€0 30995 ¢
F0e30%95°2
€0° g00L8°2
tUe joole*2
Los 3086t 2
€0e30€4c"¢
Coe 300212
Coe3ole
o= 3059
20+ j00we°e
(0 302%0°1
€0°30490°1°
20=3001L%
foe30%¢€0"!
€oej0t21°1
Cos30051°1
(0*30091°1
€0e 305011
€0°30€€0° !
(o300 11
(U goRZi°t
€0°30082°1
€0*302%0°1
€o0e30115"1
20°3009%°e
€0°30020°1
C0°300%0°1
€03002¢c"1
£0*309e1°1
€oe30281°1
foe30%€(*!
Cososwotl
(0301001
(0300111
Coejgoesltt
oo g0t
C0e309e1*1
(0ea0lvo*t
€0°30892°1
(0=30%2¢°1
C0° 30092
(0e30%ct "1
o a0vet "1t
Los30we*t
fee3onle*t
(TR TAT T AR
(S F N ETAR
COsg09% 1
f0s g0952"1
[RAF [TUT A0
E0s30q02°1
20s300% ¢
20 §Oo0e
Cov oot

1




DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
12 Commander 1 Commander

L

Defense Documentation Center

ATTN: 0OCC-DDA

Cameron Statior

Alexandria, VA 22314

Director

Defense Advanced Research
Projects Agency

ATTN: C.R. Lehner
1400 Wilson Boulevard
Arlington, VA 22209
Director
Institute for Defense Analyses
ATTN: H. Wolfhard

R.T. Oliver

400 Army-Navy Drive
Arlington, VA 22202

Commander

US Army Materiei Development
and Readiness Command

ATTN: DRCDMD-ST

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Aviation Research and
Development Command

ATTN: DRSAV-E

P.0. Box 209

St. Louis, MO 63166

Director

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander

US Army Electronics Research §&
Development Command

Technical Support Activity

ATTN: DELSD-L

Ft. Monmouth, NJ 07703

41

L]

US Army Communications Rsch
and Development Command
ATTN: DRDCO-PPA-SA

Ft. Monmouth, NJ 07703
Commander
US Army Missile Research and
Development Command
ATTN: DRDMI-R
DRDMI -YDL
Redstone Arsenal, AL 35809
Commander
US Army Tank Automotive Rsch
and Development Command

ATTN: DRDTA-UL
Warren, Ml 48090
Commander

US Army Armament Research §
Development Command

ATTN: DRDAR-TSS

Dover, NJ 07801

Commander
US Army Armament Research and
Development Command

ATTN: DRDAR-LCA, J. Lannon
DRDAR-LC, J.P. Picard
DRDAR-LCA, C. Lenchitz
DRDAR-LCE, R.F. Walker
DRDAR-SCA, L. Stiefel

Dover, NJ 07801

Commander
US Army Armament Materiel
Readiness Command

ATTN: ODRSAR-LEP-L, Tech Lib

Rock Island, IL 61299

Commander

US Army White Sands Missile
Range

ATTN: STEWS-VT

WSMR, NM 88002




No. of

Copies

1

DISTRIBUTION LIST

No. of

Organization
Commander 2
US Army Watervliiet Arsenal

ATTN: Code SARWV-RD, R. Thierry
Watervliet, NY 12189

Commander

US Army Materials § Mechanics 1
Research Center

ATTN: DRXMR-ATL

Watertown, MA 02172

Commander

US Army Natick Research and
Development Command

ATTN: DRXRE, D. Sieling

Natick, MA 01762

Director

US Army TRADOC Systems
Analysis Activity

ATTN: ATAA-SL, Tech Lib

White Sands Missile Range,

NM 88002

Commander

US Army Research Office
ATIN: Tech Lib

P.0. Box 12211

Resecarch Triangle Park, NC
27706

Office of Naval Rescarch
ATTN: Code 473
800 N. Quincy Street

T

Arlington, VA 22217

Commander

US Naval Sea Systems Command 2
ATTN: J.W. Murrin (NAVSEA-0331)
National Center

Bldg. 2, Room 6EOS

Washington, DC 20360

Organizutxon

Commander
US Naval Surface Weapons Center
S.J. Jacobs/Code 240
Code 730
Silver Spring, MD

ATTN:
20910

Commander

US Naval Surface Weapons Center
ATTN: Library Br, DX-21
Dahlgren, VA 22448

Commander

US Naval Underwater Systems
Center

Energy Conversion Department

ATTN: R.S. Lazar/Code 5B331

Newport, RI (02840

Commander
US Naval Weapons Center
ATTN: R. Derr
C. Thelen
China Lake, CA 93555
Commander
US Naval Research Laboratory
ATIN: Code 6180
Code 6020/E.S.
Washington, 0C 20375

Oran

Superintendent
US Naval Postgraduate School
ATTN: Tech Lib

D. Netzer

A. Fuhs
Monterey, CA 93940
Commander
US Naval Ordnance Station
ATTN: Dr. Charles Dale

Tech Lib
Indian Head, MD 20640
AFOSR
ATTN: J.F. Masi
B.T. Wolfson
Bolling AFB, DC 20332




DISTRIBUTION LIST

No. of
Copies Organization
2 AFRPL (DYSC)
ATIN: D. George
J.N. Levine

Edwards AFB, CA 93523
Lockheed Palo Alto Rsch Labs
ATTN: Tech Info Ctr
3521 Hanover Street
Palo Alto, CA 94304
AeroChem Research Lab., Inc
ATIN: A. Fonti)n

P.0. Box 12
Princeton, NJ 08540
Aerojet Solid Propulsion Co.
ATTN: P. Micheli
Sacramento, CA 95813
ARO Incorporated

ATTN: N. Dougherty
Arnold AFS, TN 37389

Atlantic Research Corporation
ATTN: M.K. King

5390 Cherokee Avenue
Alexandria, VA 22314

AVCO Corporation
AVCO Everett Research Lab Div
ATTN: D. Stickler

R. Kung
2385 Revere Beach Parkway
Everett, MA 02149

L]

Brookhaven National Laboratory

Chemistry Uecpartment
ATTN: J.T. Muckerman
Upton, NY 11973

No. of
Copies Organization
1 ENKI Corporation

ATTN: M.I. Madison
9015 Fulbright Avenue
Chatsworth, CA 91311

Foster Miller Associates, Inc.
ATTN: A.J. Erickson

135 Second Avenue

Waltham, MA 02154

Flow Research Incorporated
Princeton Combustion Laboratory
ATTN: M. Summerfield
RR #4, Box 911
Princeton, NJ 08540
General Electric Company
Armament Department
ATTN: M.J. Bulman
Lakeside Avenue
Burlington, VI 05402
General Electric Company
Flight Propulsion Divisior
ATTN: Tech Lib
Cincinnati, OH 45215
Hercules Incorporated
Alleghany Ballistic Lab
ATTN: R. Miller
Tech Lib
Cumberland, MD 21501
Hercules Incorporated
Bacchus Works
ATTN: M. Beckstead
Magna, UT 84044

1 TITRI
2 Calspan Corporation ATTN: M.J. Klein
ATTN: E.B. Fisher 10 West 35th Street
A.P. Trippe Chicago, IL 60615
P.0. Box 235
Buffalo, NY 14221
43
— e i ——




DISTRIBUTION LIST

No. of No. of
Copires Organization Copies Organization
1 Lawrence Livermore Laboratory 2 Rockwell International Corp.

L

ATTN: J.R. Creighton
Livermore, CA 94550

NASA Goddard Space Flight
Center

Mail Code 691.1

ATTN: J.V. Michael

Greenbelt, MD 20771

National Burcau of Standards
ATTN: R. Hampson
Bldg 222, Rm Alo
Washington, DC 20234

Olin Corporation

Badger Army Ammunition Plant
ATTN: J. Ramnarace

Baraboo, WI 53913

Olin Corporation
New Haven Plant
ATIN: R.L. Cook

D.W. Riefler
275 Winchester Avenue
New Haven, CT 06504
Paul Gough Associates, Inc.
ATIN:  P.S. Gough
P.O. Box lold

Portsmouth, NH 03801

Physics International Company

2700 Merced Strect
Leandro, CA 94577

Pulsepower Systems, Inc.
ATIN: L.C. Elmore

815 American Streect

San Carlos, CA 94070

Science Applications, Inc.
ATTN: R.B. Edelman
23146 Cumorah Crest

woodland Hills, CA 91364

44

L

Rocketdyne Division
ATTN: C. Obert

J.E. Flanagan
6633 Canoga Avenue
Canoga Park, CA 91304
Rockwell Internation Corp.
Rocketdyne Division
ATIN: W. Haymes

Tech Lib
McGregor, TX 70057
Shock Hydrodynamics, Inc.
ATIN: W.H. Anderson
4710-16 Vineland Avenue
North Hollywood, CA 91602

Thiokel Corporation
Elkton Division
ATTN: E. Sutton
Elkton, MD 21921

Thiokol Corporation
Huntsville Division
ATTN: D. Flanigan
R. Glick
Tech Lib
Huntsville, AL 35807
Thiokol Corporation
Wasatch Division
ATTN: J. Peterson
Tech Lib
P.0. Box 524
Brigham City, UT 84302
TRW Systems Group
ATIN: H. Korman
One Space Park
Redondo Beach, CA 90278
United Technology Center
ATTN: R. Brown
Tech Lib
P.0O. Box 358

Sunnyvale, CA 94088




1

DISTRIBUTION LIST

United Technologies Rsch Ctr, 1
ATTN: D. Seery
Silver Lane

East Hartford, CT 06108
Universal Propulsion Co. 1
ATTN: H. McSpadden

P.0. Box 546
Riverside, CA 92502

Battelle Memorial Institute
ATTN:  Tech Lib

505 King Avenue 1
Coluubus, OH 43201

Brigham Young University

Dept. of Chemical Engineering
ATTN: R. Coates

Provo, UT 84601 1

California Institute of Tech

204 Karmar Lab

Mail Stop 301-40

ATIN: F.E.C. Culick

1201 E. California Street 1
Pasadena, CA 91125

Case Western Reserve Univ.
Division of Aerospace Sciences
ATTIN: J. Tien
Cleveland, OH 44135

Georgia Institute of Tech
School of Aerospace Engineering

ATTN: B.T. Zinn
E. Price
W.C. Strahle
Atlanta, GA 30332

Georgia Institute of Technology
Engineering Experiment Station
ATTN: A. Ravishankara

Atlanta, GA 30332

45

L]

ro

No. of No. of
Copies Organization Copies Organization

Institute of Gas Technology
ATTN: D. Gidaspow

3424 S. State Street
Chicago, IL 606]6

Johns Hopkins University/APL

Chemical Propulsion Informa-
tion Agency

ATTN: T. Christian

Johns Hopkins Road

Laurel, MD 20810

Massachusetts Institute of
Technology
Dept of Mechanical Engineering
ATTN: T. Toong
Cambridge, MA 02139
Pennsylvania State University
Applied Research Lab
ATTN: G.M. Facth
P.0. Box 30
State College, PA 16801
Pennsylvania State University
Dept of Mechanical Engineering
ATTN: K. Kuo
University Park, PA 16801
Princeton University
Forrestal Campus Library

ATTN: L. Caveny
Tech Lidb
P.0. Box 710

Princeton, NJ 08540
Purdue University
School of Mechanical Engineering
ATTN: J. Osborn
S.N.B. Murthy
TSPC Chaffee Hall

West Lafayette, IN 47906




DISTRIBUTION LIST

No. of No. of
Copics Organx:atxon Cogics Orgnni:atxon
1 Rutgers State University 2 University of Utah

Department of Mechanical and
Aerospace Engineering

ATTN: S. Temkin

University Heights Campus

New Brunswick, NJ 08903

Southwest Rescarch Institute
Fire Research Section
ATTN: W.H.MclLain
P.O. Drawer 28510
San Antonio, TX 78228
SRI International
ATIN: Tech Lib

D. Crosley
333 Ravenswood Avenue
Menlo Park, CA 94025

Stevens Institute of Technology
Davidson Laboratory

ATTN: R. McAlevy, 111

Hoboken, NJ 07030

University of California,
San Dicgo

AMES Department

ATIN: F. Williams

P.O. Box 109

la Jolla, CA 92037

University of Illinois

Dept of Aeronautical Engineering

ATTN: H. Krier

Transportation Bldg, Rm 105

Urbana, IL 61801

University of Minnesota

Dept of Mechanical Engineering
ATTN: E. Fletcher
Minneapolis, MN 55455
University of Missouri
Department of Chemistry
ATTN: A, Dean

Columbia, MO 65211

16

Dept of Chemical Engineering
ATTN: A. Baer

G. Flandro
Salt Lake City, UT 84112

Aberdeen Proving Ground
Dir, USAMSAA
ATTN: J. Sperra:z:za
DRXSY-MP, H. Cohen

Cdr, USATECOM
ATTN: DRSTE-TO-F

Dir, Wpns Sys Concepts Team
Bldg. E3516, FA
ATIN:  DRDAR-ACW




USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet and return it to Director, US Army Ballistic Research

Laboratory, ARRADCOM, ATTN: DRDAR-TSB, Aberdeen Proving Ground,

Maryland 21005. Your comments will provide us with information

for improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related

project, or other area of interest for which report will be used.)

P —

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. 1f you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information,

Name:

Telephone Number:

Organization Address:




