ANL-6560 ANL-6560

)

Argonne Aational Laboratory
; RESULTS OBTAINED FROM THE FRICKE
o DIFFUSION KINETICS CODE
by
‘:L Erwin H. Bareiss, Cynthia Chamot,
% and Hugo Fricke

RETURN TO REFERENCE FILE
TECIMICAL PUBLICATIONS
DEPARTMENT



LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment with
such contractor.



ANL-6560

Mathematics and Computers
(TID-4500, 19th Ed.)

AEC Research and
Development Report

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois

RESULTS OBTAINED FROM THE FRICKE
DIFFUSION KINETICS CODE

by
Erwin H. Bareiss, Cynthia Chamot,
Applied Mathematics Division
and
Hugo Fricke

Chemistry Division

September 1962

Operated by The University of Chicago
under
Contract W-31-109-eng-38
with the
U. S. Atomic Energy Commission






TABLE OF CONTENTS

INTRODUCTION AND PHYSICAL INTERPRETATIONS OF
BEMBOLE. V3 d'ss sssan s nmsasss s assis e avyeesieees

[Table 1].

SECTION ONE: FINAL RESULTS FOR a-RAY CASES. For sev-
eral values of E, there are Tables of Final Results, Graphs of
Final Fjj vs. By and B, , and graphs of normalized Fjj vs. Bj;, .

[Tables II-XI and Figures 1-22].

SECTION TWO: FINAL RESULTS FOR Y-RAY CASES. For var-
ious combinations of parameters, there are Tables of Final Re-
sults for cases with Two Radicals (Code A), followed by Tables
of Results for various cases with Four Components (Code B)
and the associated graphs of final Fij ve. Bsand By . . ...«

[Tables XII-XV and Figures 23-35].
SECTION THREE: INFLUENCE OF PARAMETERS ON RESULTS
FOR a-RAY AND y-RAY CASES. Final results are grouped in

Tables and Graphs to show the effects of varying different
PATEMSLETB . - - = = o s » s s v o n s s ad B s oa ab 0w N ES v e

[Tables XVI-XIX and Figures 36-45].
SECTION FOUR: FIGURES TRACING THE REACTIONS OVER
TIME AND SPACE FOR -RAY CASES. Concentrations of the

various reactants and reaction products as functions of time
and space are ShOWN . . . . v . v v vt ittt ittt

[Tables XX-XXIII and Figures 46-103].

SECTION FIVE: RESULTS OBTAINED FROM CODE C, FOR
THREE PRIMARY AND ONE SECONDARY REACTION . . ... ..

[Tables XXIV-XXV].
BORNOWLEDGEMENT .« .« s s s o5 6sseasansnaranissssssns

BT ERERENCER: &« o506 i nsodsosns vy snsyershovyonnes

11



S redate T ama ] Ir

; -‘-ﬂﬁl,eu JER Lo AT 2, --|'r-|? E'IA .-ﬁ s

J-W' Unm ey B e e ;."‘J?-Z!IR h's/ﬂ"ld
m"ﬂﬂ‘r Y 2ql NG Ay e mie Lo quﬂd‘. i
t’ﬁm—.ﬂl‘ Ll ﬁs.- o LR Y S B BT W AN N lﬂ
. .iu B il s e ORI ST 4

A i ) rerkins g

R T g

BRI Y A T Sy P e

' ool hil JriET e 3 A 'Srse ¢ A st

U -0 A S Rt ‘
tS TN Sy BTy 4 TP el EaTH N
LREanle gyl A



No.

1-4

5-8

11-14

15-18

19-22

23-25

26-29

30-33

34-35

36

37

38

39

40

41

42

43

LIST OF FIGURES

Title

Dependence of Normalized Recombination Fractions
Bi(E=5.305)..csv4.. T L R ) »

Dependence of Normalized Recombination Fractions
BiIB=R48)i s e vii'cs i st Raa s msen e

Dependence of Normalized Recombination Fractions
BiIE®129) .o vinssnvnasnoneansvun

Dependence of Normalized Recombination Fractions
Bi (E=6T5). c'ii's svvvnsne Vs udse s e e

Dependence of Normalized Recombination Fractions
B;(E=.3535).....000000c0ernnnn

Dependence of Normalized Recombination Fractions
B;(E=.1875)......000000un 3w sle eyl e 8

Dependence of Final Recombination Fractions on Bj.
Dependence of Final Recombination Fractions on Bj,
Dependence of Final Recombination Fractions on Bj.
Dependence of Final Recombination Fractions on Bj .

Influence of Initial Free Radical Concentrations on
B R Y iR T e b e

Influence of Initial Free Radical Concentrations on
FRAB) S Hal0Y o <o v nvseie ca s i ¥ s s

Influence of Diffusion Coefficients on Fj,(B)/F3;(0). .

Influence of Reaction Rates on Fy3(B)/Fz(0) . ... ...

Influence of Reaction Rates on Fij. « « v v v v v v v v o e v nn v

Influence of Diffusion Rates on Fy;. .. . .. .......

Influence of Reaction Rate on Fijjfor B4 = 10...........

Influence of Diffusion Rate on Fjj for By = 10. ... ..

-----

.....

-----

Page

17

18

19

20

21

22

27

28

29

30

33

33

34

34

36

36

36

36



44

45

46

47-51

52-54

55-57

58-59

60-61

62-65

66-69

70-73

74-77

78-81

82-85

86-89

90-91

92-93

94-95

LIST OF FIGURES
Title
Influence of Reaction Rate on Fj;

Influence of Diffusion Rate on Fp,

General Shapes of Solutions Uj (R, T o g e U .
Time Dependence of Recombination Fractions
Time Dependence of Recombination Fractions
Time Dependence of Recombination Fractions
Time Dependence of Recombination Fractions
Time Dependence of Recombination Fractions

Dependence of Normalized Concentrations on Positions i

Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

Dependence of Normalized Concentrations
Space and Time

38

39

40

40

41

41

46

47

48

49

50

51

52

53

54

54



_No..
96-97
98-99

100-101

102-103

LIST OF FIGURES

Time Dependence of Recombination Fractions . .. .. ... 55
Time Dependence of Recombination Fractions. . ... ... 55
Time Dependence of Recombination Fractions. . . . ... . 56

Time Dependence of Recombination Fractions. . ... ... 56



LIST OF TABLES

o Title

I. Symbols and Their Physical Meanings

II. Values of Parameters for Standarda-ray Cases

III. Parameters for Preliminary a-ray (¢ = 1) Cases with Two

Radicals Only (Code A) . . . vt e v v v i v i it oot an e -
IV. Parameters and Final Results of Some Four-component

Cases Based on Standard I with E = 1.97 and € = 1 (for

BTy ) el e e b e R e R R

V. Case Numbers of a-ray Cases with Standard II Param-
eters and Six Values of E for Which B; and B, Vary. . ...

VI. Results for Standard II and Ep = 50505 (EM = 10L61) L
VII. Results for Standard II and Eg

2.48 (Epp = 4.96) .« . . . .
VIII. Results for Standard II and Eg = 1.29 (Epm = 2.58)

IX. Results for Standard II and ER = 0.675 (Epg = 1.35)

X. Results for Standard II and ER = 0.3535 (Ep = 0.707) . . . .
XI. Results for Standard II and ER = 0.1875 (Epg = 0L BT e
XII. Values of Parameters for Standardy-ray Cases . ... ...

XIII, Parameters and Results for Cases with Only One Radical
(with and without a solute)

XIV. Spherical Cases with Two Components Only

XV. Results for 4-component y-ray Cases
XVI.

Results of Cylindrical Cases for Different Values of E to
Plot Normalized F's vs. B

XVIL.  Results of Standard Cases with Spherical Sy ety oSSR
XVIII. Results when kn/k“ and D3/D1 Vary for y-ray Cases . . . .
XIX. Results when 1(24/k11 and D4/D1 Vary for y-ray Cases . . . .
XX. Concentrations of Reactants at Various Times and Posi-
tions in Space for Case 257: Spherical Geometry;

Standard II; B, =B, =0...........
XXI.

Concentrations of Reactants at Various Times and Posi-

tions in Space for Case 305: Spherical Geometry;
Standard II; By = 1075, B, = 10



No.

XXII.

XXIII.

XXIV.

LIST OF TABLES
Title

Concentrations of Reactants at Various Times and Posi-
tions in Space for Case 303: Spherical Geometry;
e T By = 1070, By =0 ii coavidin's ¥osn s nwi e

Concentrations of Reactants at Various Times and Posi-
tions in Space for Case 301: Spherical Geometry;
PR W Wy =B = AP L L R i el wk W

Parameters for Standard II Cases Run with Code C . .. ..

Results of Cases Described in Table XXIV . ... .. .. ...

Page

44

45
57
57



e frt - U
o e s i : e R TR e
: [T

I, X 23 ° o e e e



RESULTS OBTAINED FROM THE FRICKE
DIFFUSION KINETICS CODE

by

Erwin H. Bareiss, Cynthia Chamot, and
Hugo Fricke

ABSTRACT

The Diffusion Kinetics codesdescribed by the authors
in ANL-6556 were used to study hypothetical reactions of free
radicals produced by passing arays and yrays through aque-
ous solutions. Tables and graphs of results are given for
about 200 cases run on the IBM 704 with various parameter
combinations. Intermediate as well as final concentrations
are given for some y-ray cases.

INTRODUCTION

The IBM 704 Diffusion Kinetics codes(l) were used for over 200
cases to study from two to four primary reactions involving free
radicals, and also a secondary reaction. Cases were run to determine
values of various parameters, giving results, R, and R;, consistent with
those obtained experimentally for water and for water:iodine:iodide
systems. Other parameters were varied to study their effects. In this
report, results are tabulated and a large number of graphs are included
to illustrate various effects. Also, some results of the previous Avidac
codes(2) are included for comparison.

Complete output was normally obtained; so reactions of interest
may be traced over all space up to the time they were removed from the
machine. Although most a-ray cases (€ = 1 for cylindrical symmetry)
were run until the reaction was complete, some of the first cases were
not allowed to finish, but those reactions can be followed part way to
T = 0.001. Complete output is available for several y-ray cases (€ = 2
for spherical symmetry) which were run to completion. However, it was
profitable to stop many of these cases at T = 0.1, since final concentra-
tions of reaction products could be obtained by extrapolation.

The actual reactions being considered were: H+ H = Hy; H+ OH =
H,0; and OH + OH = H;0; in all three codes; and H+ 1= H" + I"and OH+1™ =
OH~ + 1 incode B only; and a secondary reaction, OH + H;O, = H,O + HO; in
code C only.



- X,k
For the machine codes, H = X;, OH = X;, I = X3, I" = X,, and H,0; = Xy
The amounts of reaction products formed are Fy; for H,, F;, for H,O, Fzz for
H,0,, F3 for HT,Fyy for OH~, and F¥; for HO;.

The physical interpretations of the symbols are given in Table I. It
should be noted that these are all dimensionless parameters. For further

information, see Ref. 1.

Table I

SYMBOLS AND THEIR PHYSICAL MEANINGS

Input Parameters

Symbol Definition
B A measure of the initial scatter of X, relative to X;.
(5= Di/Dl The diffusion rate for X;j relative to that of X;.
E=Eg A measure of the initial concentration of X,. It should be noted

that Eyg referred to in references 2 and 3 would be 2ER

€ This is 1 for cylindrical symmetry (a rays) and 2 for spherical
symmetry (vyrays).

Vi Ratio of the initial concentrations of the solutes to the concen-
tration of X, at the origin.

Kij Zkij/ku The rate of reaction for Xj combining with X;j relative to that
of X; with X;.

Problem Parameters

Symbol Definition
Bj A measure of the initial concentrations of the solutes, X3 and
X4, incorporated into y¥; for input data.
Fij Transformed fractional amounts of reaction products formed
(or of free radicals remaining if j=0).
R Position in transformed space, going from 1 at the center of
the initial free radical concentrations, to 0 far away.
T Transformed time, going from 1 at time of initial free radical
formation, to 0 as real time t increases to .
Ui(R,T) Transformed concentrations of reactants Xj at various points
in space at time T.
Experimentally Determined Quantities (at T = 0)
Symbol Definition
R, Fzz/Fu = 1.62 for yrays with no solute present.
R, (Fio + Fz0)/(Fyy + Fpp) = 2.40 for ¥ rays with no solute present.

Note: The subscripts i and j refer to the reactants X1, X3, X3, or X;. The ij

combinations are limited to L1512, 18, 22, and 24,



SECTION ONE: FINAL RESULTS FOR a-RAY CASES
(CYLINDRICAL GEOMETRY)

Table II gives certain standard parameter values which were com-
mon to several cases.

Table III gives some parameter combinations for which the compu-

tations were not completed, so that only intermediate results are available.

Table IV gives results for some cases based on Standard I.

Table V gives parameter combinations for cases based on Stand-
ard II, with six different values of E. It should be noted that for the
smaller values of E, smaller values of B must be used to facilitate the
normalizations of curves to B = 0.

Tables VI to XI give the final results for the cases in Table V.

Figures 1-22 are graphs of final Fjj vs. B and normalized
Fj; vs. Bj;, for each value of E in Table V.

Table 11

VALUES OF PARAMETERS FOR STANDARD a-RAY CASES

Dy/D, kaa/kny
B, and B, vary. € g D,/D, Da/D, ki2/kny gy ka2/kyy
STANDARD I 1 1 0.4545 0.15 2 2% 1
STANDARD II 1 1 0.25 0.15 2 2% 0.55

*It should be noted that for 2-radical cases only,k;y/k;; and k“/k“ are
set equal to zero.

Table 111

PARAMETERS FOR PRELIMINARY a-RAY (¢ = 1) CASES
WITH TWO RADICALS ONLY (CODE A)

Case No. B E D,/D, kia/kyy kaa/kny

0.333
0.50
0.667
1.0

0.333
0.50
0.667
1.0

0.4545

———
)

1
1
1
1

[P,

-
L)

NV W -

NENNN -

Courvwn|l oo ®

.

-
——

NN NN NN

~
o

—
2
-

1 Standard 1

These cases were not computed all the way, Cases No. 1-1 to 1-8
were stopped at T = 0,001, when F,, and F,, were still near 0.05, and
No. 26 was run until T = 10°'%, at which time F,, still exceeded 0.01

11
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Table IV

PARAMETERS AND FINAL RESULTS OF SOME FOUR-COMPONENT CASES
BASED ON STANDARD I WITH E = 1.97 AND ¢ =

1 (FOR o RAYS)

Case No. B, By Fn Fiz Fis Fa2 Fas
126 10°% 107° 0.4565 0.4711 0.0724 0.5070 0.0219
24 1i0ee 107 0.4332 0.4567 (ORI 0.5034 0.0399
128 il = 0.3312 0.3759 0.2929 0.4653 0.1588
129 0GR 0.1788 0:2372 0.5840 0.4086 0.3542
130 10 102 0.0404 0.0697 0.8899 0.3621 0.5682
126 107° 107" 0.4565 0.4711 0.0724 0.5070 0.0219
132 102 07 0.4540 0.4566 0.0894 0.4896 0.0538
1218 1032 1okt 0.4240 0.3778 0.1962 0.3778 0.2443
134 107° 1 0.3789 0.2387 0.3824 0.1951 0.5662
135 1082 10 0.3426 0.0699 0.5875 0.0413 0.8888

Table X
CASE NUMBERS OF a -RAY CASES WITH STANDARD IL PARAMETERS AND SIX VALUES OF E FOR WHICH B3 AND B4 VARY
B4 Bg
E = 5305 E = 0675
10| 1|01 [103]|105|107 | 1010 10 1] 01103105107 1010|1015
10 | 580 525 10 |58 555
1 581 5% 1 586 556
0.1 582 521 0.1 587 557
B3 | 103 583 | 528 B3 | 10-3 588 | 558
m:‘;’v 520 | 521 | 522 | 523 | 524 105 | 550 | 551 | 552 | 553 | 554 516
107 10-10 517 515
10-10 10-15 5154
8 B
E-2488 4 £ - 0.353% -
10 | 1|01 |103]|105 |07 |10 10| 1| 01[103]103 107|100 | 1015
10 | 505 5% 10 | 500 565
! 506 5% 1 501 566
o s07 53 0l 502 567
|| 20 e B3 | 1073 503 | 568
1071530 | 531 | 532 | 533 | 53 105 | 560 | 561 | 562 | 563 | 564 518
o A 1010 519 514
L 1> 529
By
E-129 By
[T E - 0.1875
10 |1 |01 1031051071010 0] 1 [ o1]103]105] 107 [ 1010 | 015
l;] 10 590 575
01 : 591 576
B3 10*2 By 18113 592 577
105 | 54 593 | 578
i 0 | 581 | 542 | 543 | sa4 | 539 | 539A 10° 1570 | 571 | 572 | 573 | 574 | 59 597
10°10 10710 579
| L Wb 599 512




Table VI

RESULTS FOR STANDARD Il AND Eg = 5.305 (EmM = 10.61)

Case No. 520 521 522 523 524
By =10°% B = 10 1 0.1 1072 1072
Fu 0.35475 | 0.38508 | 0.40787 | 0.41951 | 0.42131
Fia 0.14213 | 0.36699 | 0.48859 | 0.53667 | 0.54404
Fis 0.5031 0.2479 0.1035 0.0438 0.0347
a 0.05295 | 0.21260 | 0.36252 | 0.43966 | 0.45048
Fae 0.8049 0.4204 0.1489 0.0237 0.0055
Case No. 525 526 527 528 524
By =107% B, = 10 1 10~* 1 107°
Fu 0.08592 | 0.26192 | 0.37117 | 0.41371 | 0.42131
) 0.14327 | 0.36144 | 0.48488 | 0.53603 | 0.54404
Fis 0.7708 0.3766 0.1440 0.0503 0.0347
Fz 0.28252 | 0.35229 | 0.41697 | 0.44714 | 0.45048
Fa 0.5742 0.2863 0.0982 0.0168 0.0055
Case No. 580 581 582 583 524
By =By = 10 1 107! 10°3 107~
Fi; 0.08785 | 0.26150 | 0.36887 | 0.41355 | 0.42131
Fi 0.09246 | 0.30574 | 0.46292 | 0.53402 | 0.54404
I 2 0.8197 0.4328 0.1682 0.0524 0.0347
Fi 0.05369 | 0.20501 | 0.35512 | 0.43907 | 0.45048
Fau 0.8539 0.4893 0.1820 0.0269 0.0055
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Table VII
RESULTS FOR STANDARD II AND ER = 2.48 (EM = 4.96)
Comnnde L. B s
Case No. 530 531 532 533 584
[ SR
-3 -5
B, = 107° By = 10 1 93 - e
Fi 0.34104 | 0.36493 | 0.39316 | 0.41169 [ 0.41284
Ey; 0.08548 | 0.28650 | 0.44167 | 0.51852 | 0.53033
Fis 0.5735 0.3486 0.1652 0.0698 0.0568
Fa 0.02886 | 0.14926 | 0.31906 | 0.43293 | 0.44942
Fos 0.8857 0.5642 0.2393 0.0486 0.0203
Case No. 535 536 537 538 534
By L0 ES = 10 1 0.1 1073 107°
Fu 0.04871 | 0.19602 | 0.32785 | 0.39924 | 0.41284
Fy; 0.08620 | 0.28473 | 0.43688 | 0.51771 | 0.53033
B 0.8651 0.5193 0.2353 0.0831 0.0568
Fo, 0.27090 | 0.33118 | 0.40221 | 0.44568 | 0.44942
Fos 0.6429 0.3841 0.1609 0.0366 0.0203
Case No. 505 506 507 508 534 509
B;— B, = 10 1 0.1 1072 107° 1071
i 0.04862 | 0.19410 | 0.32542 | 0.39883 | 0.41284 | 0.41849
B, 0.05036 | 0.22234 | 0.40597 | 0.51379 | 0.53033 | 0.53569
I 0.9010 0.5836 0.2686 0.0874 0.0568 0.0458
Fu, 0.02874 | 0.14500 | 0.31140 | 0.43202 | 0.44942 | 0.45400
Fas 0.9209 0.6327 0.2826 0.0542 0.0203 0.0103
Table VIII
RESULTS FOR STANDARD II AND ER = 1.29 (Ep = 2.58)
Case No. 540 541 542 543 544 539 539A
B3 = 10-° By = 10 1 0.1 10-3 10-5 10-7 10-1°
Fn 0.32624 | 0.34420 | 0.37382 | 0.39781 | 0.39950 | 0.39971 | 0.39971
Fiz 0.05056 | 0.21258 | 0.38402 | 0.49168 | 0.51141 | 0.51345 | 0.51347
s 0.6232 0.4432 0.2422 0.1105 0.0891 0.0868 0.0868
Fa 0.01601 [ 0.10080 | 0.26972 | 0.42124 | 0.44738 | 0.45388 | 0.4555
Faou 0.9334 0.6866 0.3463 0.0871 0.0412 0.0327 0.0310




Table IX
RESULTS FOR STANDARD IT AND g + 0.675 (Ep = 1.9
Case N %0 1 82 ) 54 -0 516
By 0% age 10 1 ol 10? 103 07 1010
m axse | owoss | oo | owwr | owss 0.315%
m M2 | Qs | 0N | oasow | oamle 0.4852)
o ez 05M0 03405 01 0142 0.1
m ooeed | o | o2z | oW | osa2 0.45411
e %z ann 04153 0.14% 0om9 0.0607
Case No. 55 e 551 58 54 59 s
8103 8y 0 1 0l 103 10 107 10-10
m oo | oossd | oz | oxwny | owsn 0.40493
m mwe | oles2 | oxWd | a6 | 048198 0.48540
m 092 07667 () o 012 0.109
n (%3] axze | oxws | oanse | o2 0.400%
e ane 0562 (%" ong 0o e
Case No. 85 e a1 588 54 s 515 SI5A
By 8y 10 1 10! 10 10 107 10710 1015
m Q018 | oosl | 0210 | o3med | owss 040664 | 041885
2 ooise | oowry | oaed | oswn | oas1e 050865 | 0516%
m 099 081w asas oz 01z 0.0847 0.0652
(o] ooosss | oosas | oavm | owe | oei2 D460 | 0.065%2
e Y [ 052 01819 009 0.0305 00183
Table X
RESULTS FOR STANDARD Il AND £R + 0.3535 (Em + 0.700
Case No. 560 1 82 %3 64 s 518
0y 0% By 10 1 al 10? 104 107 w0
o oz | o | 03X | oS0 | 03WE 0380
2 001y | 009153 | 0236 | 0IE | 04B% oux1
[t e 061% ) (¥4 (¥ 02m
] omed | oowM | 01523 | 0163 | e s
e e oz 08133 02450 013 01105
Case . P 6 [ 64 (™ %9 519
108 8y 0 1 0l 103 0% 107 1010
fl oooslo | oosuS | ol | oz | oawms 0.38250
2 ool73 | oosis | ozm | oWl | 04D 0449
[t e 0.5% 08175 oxu (%] on®
m 026% | Oz | 0¥med | 04l | 042w 04z
2 arm 06303 ™ 0198 0.13% 01
Case o 50 a1 2 503 et 513 sie 2
BBy 0 1 ol 103 10°% 107 w010 w0
m 000810 | 0msMe | 015215 | ozes | 0Iwm oMo | oaoal
m oo | 002 | 0190 | 04 | 04mN) 04817 | 04913
) owm 08850 06574 onw (%3] s 0.1008
7 00084 | 00WM | 0w | 0B | 04AM 045788 | 0.465%
u 0w 0,941 0.65% 0210 0.1 0.0810 0.089

15



16

RESULTS FOR STANDARD II AND ER

Table XI

0.1875 (EM = 0.375)

Case No. 570 571 572 573 574 595 596 597
B =107 By = 10 1 0.1 1o~ 1072 1077 107" 107%
Fu 0.25275 | 0.25595 | 0.26637 | 0.28365 | 0.28590 | 0.28597 0.28605
Fr. 0.00853 | 0.05458 | 0.16093 | 0.32126 | 0.37912 | 0.38558 0.38579
Fy5 0.7387 | 0.6895 | 0.5727 | 0.3951 0.3350 0.3285 0.3282
F,, 0.00249 | 0.02118 | 0.10130 | 0.30567 | 0.38629 | 0.4156 0.43026
Fos 0.9890 | 0.9242 | 0.7378 | 0.3731 0.2346 | 0.1988 0.1840
Case No. 575 576 577 578 574 594 598 599
By = 1072 Bj= 10 1 0.1 1073 10 1oRE 10742 10~"
Fn 0.00436 | 0.03055 | 0.10035 | 0.22601 | 0.28590 0.36987
F, 0.00854 | 0.05447 | 0.15836 | 0.31895 | 0.37912 0.38638
H 0.9871 | 0.9150 | 0.7413 | 0.4550 | 0.3350 0.2438
55 0.23493 | 0.25395 | 0.30141 | 0.37313 | 0.38629 0.38672
Fay 0.7565 | 0.6916 | 0.5402 | 0.3079 | 0.2346 0.2269
Case No. 590 591 592 593 574 579 512
By =By = 10 1 0.1 kg2 107% Lg% Jig=12
By 0.00436 | 0.03053 | 0.10010 | 0.22572 | 0.28590 0.3497 0.3779
i 0.00444 | 0.03377 | 0.12582 | 0.30462 | 0.37912 0.4432 0.4655
Fia 0.9912 | 0.9357 | 0.7741 0.4697 | 0.3350 0.2071 0.1566
i 0.00249 | 0.02110 | 0.09993 | 0.30421 | 0.38629 0.4437 0.4574
B 0.9931 | 0.9451 | 0.7743 | 0.3912 | 0.2346 0.1131 0.0771




CYLINDRICAL GEOMETAY B« |

00 CASES 520,021,522, 523,524

oM~
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SECTION TWO: FINAL RESULTS FOR Y-RAY CASES
(SPHERICAL GEOMETRY)

Table XII gives the standard values for five sets of parameter
combinations which were investigated most thoroughly.

Table XIII gives values of parameters used for some preliminary
spherical cases limited to one radical and one solute (Code B). Com-
parisons were made with previous runs by Flanders (Ref. 2) and Phillips
(Ref. 3) on the Avidac and George, with codes that could accommodate only
two reactions.

Table XIV gives parameters and results for cases with two radi-
cals only (Code A).

Table XV gives results for the spherical cases run with four com~-
ponents (Code B), most of which are based on the five standard sets of

values.

Figures 23-35 are graphs of final Fjj vs B for the cases in
Table XV.

Table XII

VALUES OF PARAMETERS FOR STANDARD y-RAY CASES

Standard | € [ B | E D,/D, gjg' ky2/kyy kaa/kyy kz2/kyy
1

kys/kyy
1 2 1 0.87 | 0.4545 0. 2 2 1
I 2 1 0.87 | 0.25 0.15 2 2 0.55
11 2 1 0.91 0.25 0.15 4 2 0.60
v 2 1 0.87 | 0.25 0.15 1 2 0.55
v 2 1 0.87 | 0.125 0.15 2 2 0.30
Table XIII

PARAMETERS AND RESULTS FOR CASES WITH ONLY ONE
RADICAL (WITH AND WITHOUT A SOLUTE)

Kae/kyy
D,/ D F,y or
Case |c (B | E W/ Dy Dy/D, | kea/kyy | kys/kyy | T Fyy =
D,/D, Fyo
ky2/kyy
DP 211 125 0 1 0 1 0.17 | 0.1505 | 0.8495
DAF |2 |1 |2.5 0 0 0 0 0.05 |1 0.430 0.570
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Table XTIV

SPHERICAL CASES WITH TWO COMPONENTS ONLY

B | caseNo. 3 pi0y | kigku | keelkun F11 F12 F22 F1o F20 R1 Rz
1 21 18 0333 | 2 1 02477 | 0.2099 | 04238 | 04525 | 0.2764 | L1711 | 1086
i 22 18 05 1 02503 | 0.2939 | 03697 | 0.4558 | 03365 | 1477 | 1278
1 23 18 0.6667 | 2 1 0253 | 0.2858 | 03302 | 0.4603 | 03840 | 1300 | 1.445
1 24 18 1 2 1 02615 | 0.2615 | 02615 | 04771 | 04771 | 1000 | 1825
1 2-5 25 03333 | 2 1 02810 | 03317 | 04485 | 03873 | 0.2198 | 1596 | 0832
1 2-6 25 05 2 1 02846 | 03279 | 04016 | 03876 | 02705 | L4l | 0959
1 27 25 06667 | 2 1 0.2886 | 03208 | 0.3649 | 03907 | 03143 | 1265 | L079
1 2-8 25 1 2 1 0972 | 0.2972 | 0.2972 | 04056 | 0.4056 | 1.000 | 1.365
1 29 32 0333 | 2 1 03053 | 03503 | 04641 | 03404 | 01816 | 1.520 | 0.678
1 210 32 05 2 1 03080 | 03513 | 0.4221 | 03398 | 0.2267 | 1366 | 0.775
1 211 32 0.6667 | 2 1 03131 | 0348 | 03879 | 03420 | 02672 | 1.239 | 0.869
1 212 32 1 2 1 03224 | 03224 | 03224 | 03552 | 03552 | 1000 | 1.102
1 1 125 | 0333 | 2 1 0.2004 | 0.2604 | 03861 | 05302 | 03535 | 1844 | 1.484
1 2 125 | 05 2 1 02114 | 02535 | 03285 | 05352 | 04180 | 1554 | 1766
1 3 125 | 06667 | 2 1 0.2144 | 02841 | 02875 | 05410 | 04678 | 1341 | 2.010
1 4 125 |1 2 1 02200 | 0.2201 | 02201 | 05599 | 0.5599 | 1.000 | 2544
1 5 0.6 0333 2 1 01365 | 0.1803 | 0.2948 | 0.6832 | 05249 | 2.160 | 2801
1 6 0.6 05 2 1 0.381 | 01714 | 0.233 | 06905 | 05952 | 1690 | 3.6l
1 7 06 0.6667 | 2 1 01398 | 01623 | 01948 | 0.6979 | 0.6429 | 1393 | 4.007
1 8 06 1 2 1 01423 | 01423 | 01423 | 0715 | 07154 | 1000 | 5.027
1 10 08 0.45 2 1 00651 | 0.2053 | 0.2857 | 0.6296 | 0509 | L731 | 2.52
1 1 08 05 2 1 0658 | 0.2026 | 0.2701 | 0.6317 | 05273 | 1629 | 2.659
1 1 087 | 0455 | 15 05 01812 | 01854 | 01943 | 06335 | 0.6204 | 1072 | 3.340
2 22 087 | 04585 | 2 1 0.1659 | 02060 | 04384 | 0.6281 | 03556 | 2.642 | 1628
1 253 08 | 0545 | 2 1 00737 | 02145 | 0951 | 06118 | 04904 | 1.699 | 235
2 254 08 | 025 13 03 01746 | 0.1860 | 0.2280 | 0.6394 | 0.5859 | 1.306 | 3.043
1 255 087 | 0ast5 | 2 1 01708 | 0.223 | 03904 | 0.6056 | 03860 | 2.286 | L767
1 256 081 | 025 175 0.75 01776 | 02007 | 0.2511 | 0.6217 | 0.5482 | 1413 | 2729
1 257 08 | 025 7 0.5 01670 | 02412 | 02735 | 05918 | 04853 | 1.637 | 2.445
1 258 10 | 025 125 0.5 0.2102 | 02081 | 02004 | 05817 | 0.5915 | 0953 | 2.857
1 259 015 | 025 3125 1 0.1388 | 0.2871 | 03289 | 05741 | 03840 | 2370 | 2.048
1 260 08 0.25 1 05 01814 | 01384 | 02874 | 06842 | 05782 | 1584 | 2.693
i 261 08 0.25 9 05 0.1589 | 0.2331 | 0.2476 | 0.6080 | 05193 | L1558 | 2.773
1 262 08 0.25 4 05 01282 | 03697 | 01938 | 05021 | 0.4365 | L1512 | 2915
1 263 08 | 025 2 0.53 01690 | 0.2450 | 0.2265 | 0.5860 | 0.4856 | 1.594 | 2.444
1 264 087 | 0125 2 055 0651 | 0243 | 03264 | 05915 | 03810 | 22714 | 1.798
1 2%5 08 | 025 1 0.5 0.1918 | 01397 | 03844 | 0.6685 | 05417 | 1L.661 | 2371
1 266 0435 | 025 2 0.5 01073 | 01602 | 01416 | 07325 | 0.6456 | 1810 | 4902
1 27 087 | 025 2 0275 | 01649 | 02558 | 0.0883 | 05793 | 05784 | 1006 | 3.500
1 268 08 | 025 4 055 01337 | 03802 | 00759 | 0486l | 04107 | 1564 | 2615
{ g% ?% 05 2 055 01711 | 02265 | 0.1843 | 0.6024 | 05893 | 1077 | 3.353
! 21 Lna ggs 2 0.5 0.2300 | 03264 | 03426 | 04397 | 03310 | 1465 | 1.337
! a sl 0.125 4 0.6 01370 | 03844 | 0.2293 | 04787 | 03864 | 1674 | 2.362
pl e | g s |1 | 0m | ous | ok | oake | b | Sl |22 |\ Lig
. - . ) 25 | 07942 | 06963 | 1.834
% 5;‘; gg; ggg ?5 gggs gf%g g%g: 0.3473 | 07166 | 05768 iéga 3‘;3
! b : i | 01968 | 0.6599 | 06533 | 1.035 | 3.39
1 216 174 | 025 1 0.5 0.2827 | 01990 | 0.4192 | 05183 | 0.3 o
. ; J 3818 | 1.
i gg‘; g;g ggg g g%s g{gg 0.2414 | 02341 | 0.6090 | 0.5245 {?ﬁ? ;;55
<2).5 gg; 83; gg : v . 0.2592 | 02633 | 05780 | 0.4775 | 1.616 | 2.476
. . i 0.215 .
: 263 ost || oz : i gm; 3%5 gggz 8,231817 04571 | 1834 | 2400
05 | om 087 | 025 2 055 : 6089 | 03705 | 2392 | 1.68
2 25 08 | 025 2 0.55 0.1586 | 0.2335 | 04157 | 0.6079 | 03508 | 2.621 | 1669




Table XV
RESULTS FOR 4&-COMPONENT y -RAY CASES

Deviation from Standard | cant Cor!
Coet .’ &:‘ Calculated Concentrations & Correcled
t 0 Constant 8 Var ’ f fi2 77} 3 f
w (1] Dp/ly - 04 8- 10 By+10% | 0169 | oer | 03 | oed | 0@
= 10} 0.1557 01997 0xe | 067 077
w 1wl 0.0 0.1382 0Am 0.7629 0.573%
" 1 0m8s | 0026 | o224 | om0 | 0.67%
it 10 oo62 | om0 | o2 | ooms | 074
i3 Bz 108 83210% | owx | o | om0 | 0646 | 06
e al 2100 | ol | 02% | 0346 | oww | 0
w zo! 01032 | 01415 | ozs0s | 07553 | 0578
P- z 1 o094 | 00634 | 02 | omrz | o06m8
1 z10 0et | 00121 | o244 | ooms | 07e
iy /0y + 1.0 8y 2108 Be210% | owr | o | oame | osa2 | 0eh2
w 2100 | o | oars | owes | osr | 06557
" z10! o475 | 0126 | o10% | o8 | oms
{m x 1 01675 | 00579 | o00%e | omes | 09025
"] 210 = 00118 | 00084 - 0.9818
(3 8y 210° 82105 | o | ozM | om0 | oces | osis
2 2103 | o9 | oer | ozes | oew | osin
n ol 01693 | 01428 | 01507 | 06878 | 07065
1 21 01640 | 006® | o070 | 07720 | 0881
uzs xi0 016w | oma | oo | o&n | ose2
Standard [ Case
T ey U L] 8105 | o | o | oS | oaws | omls
e 055 xl.2 10? 0720 | oxes | ozt | o&16 | 05160
w g a8 el w! | oi®s | omsz | o1 | oess3 | 07000
- s 2.2 1 0162 | 00668 | 0088 | 07690 | 088
e || u 10 0160 | 002 | o0 | omsr | 080
8y 10°%
x 3 [ Viratle &4
151 LT 0% oans | oz | oxa | oe10 | om2
2 103 o720 | o028 | oz | oeur | 0Sied
19 w0l o | 0w | 015w | oens | 068
1 1 0197 | ool | oo%7 | omn | o082
1% 10 02185 | o030 | 00070 | 07685 | 09800
f] Dy/D » 0.4545-- 105 o | oz | oxsl | o6s | osu
» w! 01700 0.1454 0.1547 0.6837 06998
= 10 oleed | 003 | oo | oo | 0980
. Dy/D) - 0.4545- 105 o | oz | o025 | oes | omu
m w0} 0105 | o0aes | oasa | oesse | oron
206 10 o163 | 00® | 00 | ome? | 0980
Ky 10d 10% 00 | o35 | 0251 | 06145 | 0814
m 103 oirzz | oee | ozre | ol | 0S8
2 1wl s | oM | o018 | o | 0698
P 1 00%3 | 0082 | ooms | Oms | 0.8
ns 10 oar | oo | oorz | orero | 09
ne | xp-w? DyDy -0 10 oo | ooor
o 00, * 005 w03 ot | o213 | o9 | oeles | oms
b ] 103 olrar | 06 | 0276 | 068 | OSUT
o] 10} 0195 | 015 | 015% | osest | o0&
] 1 0062 | 008 | O0O0N8 | 0760 | 08N
10 01603 | 00I® | o | oRe? | 0980
Kaq* 002 105 orm | oz | oxs | 065 | 0ms
m 107 o | oxe | oz | oew | osie
m 1wl 01604 014 0.1507 0.6875 0.7061
P 1 016 | ooes4 | ooms | omod | ossel
10 ol6m | oozs | oooro | omes | 09s@




Table XV (Cont'd.)

Deviation from Standard I By- 1075 Calculated Concentrations & Corrected
. = | Variable B ﬁ_
g3als = £ 0 4 m [ Fiz F22 s | fa |
A 4914
/Dy = 0.015 105 01720 | o235 | o051 | 0615 | O
26 Us(0] 10°3 01720 | 0.2064 0.2176 0.626 | 0.5160
a1 10! 0.1690 0.1450 0.1547 0.6859 0.7003
28 1 0.1633 0.0667 0.0498 0.7699 0.8835
gjg 10 01591 | 00129 | 00070 | 08280 | 09800
, 105 00720 | 02135 | 02951 | 06145 | 04914
246 Kiz=01 103 owze | 02066 | 02776 | 0621 | 0518
2y 10°) 0178 | o170 | 0158 | 06740 | 0.6981
2 1 01960 | 00681 | o498 | 0730 | 0.8820
2 10 02140 | 0030 | 00070 | 07720 | 09799
250
DylD; K12 K2 E B Extrapolated Concentrations and By Difference
055 0.87 83-107
sméolf w : B, =107 0667 | 0.2405 | 02731 0.5928 | 0.4864
302 103 00666 | 02356 | 02575 | 05978 | 05169
3025 102 01663 | 02141 | 02092 | 0.619% | 05767
303 01 01650 | 01617 | 0119 | 0.673 | 07187
304 1 00620 | 00712 | 00312 | 07668 | 0.8976
305 10 00600 | 0.032 | 00040 | 08268 | 0.9829
std. IT 0.25 4 08 0.91
311
312 01368 | 03769 | 02170 | 0484 | 0.4061
315 01374 | 03880 | 01799 | 05146 | 04721
313 01404 | 02743 | 01080 | 05853 | 0.6177
314 01500 | 01324 | 00317 | 07176 | 0835
315
std. IT 0.25 105 0.87 B3=10
316 By =107
317 103 01912 | 01361 | 02993 | 06727 | 05646
375 102 01899 | 01225 | 02406 | 06876 | 0.6365
318 01 0181 | 0002 | 0135 | 07357 | 07753
319 1 o | 0077 | o3 | 012 | 09292
320 10
std. ¥ 0.125 203 0.87 B3 - 105
306 By =105 01625 | 02585 | 02657 | 0579 | 04759
307 103 0.0625 | 02539 | 02470 | 05836 | 0.4991
3075 102 00624 | 02313 | 01862 | 0.6063 | 0.5825
308 01 01616 | 01740 | 00902 | 06645 | 0.7359
309 1 00603 | 0.0743 | 00187 | 07655 | 09070
310 10 01597 | 00133 | 0002 | 0870 | 0.9875
std. §[0-1 025 2 0% 0.87 B8
A By = 10 01667 | 02405 | 02731 | 05928 | 0.4864
2l 103 01610 | 0813 | 02571 | 06014 | 0516
= 102 0.1435 | 02018 | 02081 | 0.6547 | 0.5901
- 0.1 01032 | 0131 | 01180 | 07607 | 0.7459
- 1 0M12 | 00472 | 00310 | 09117 | 09218
10 0.0068 | 0.0070 | 00040 | 0.983 | 0.9891
B3-10°5
K D Vaariable By Calculated Concentrations & Corrected
400 } .
o kyalkyy = 0.1 Dy/D; - 0.015 10 02160 | 00132 | 00072 | 00771 | 0.0980
o 1 0.981 | 00683 | 00500 | 0734 0.882
i 0.1 0800 | 01473 | 01551 | 0.673 0.698
& 103 0.1730 0.209 0.280 0.618 0.511
405 .
i kzlkyy = 05 10 0.2010 0.0132 0.0072 0.786 0.980
i 1 0893 | 00680 | 00500 | 0743 0.882
o 01 01777 | 01469 | 01550 | 0675 0.698
prs 10-3 01730 | o208 | 02778 | 0.620 0515
Deviation from Standard IIT
271A
2718 1 01798 | 01351 | 00317 | 068 0.833
711e 10 02170 | 0029 | 0.0084 | 0756 0.969
7 | 01 01474 | 02778 | 01080 | 0575 0.614

*55 points instead of the usual 33,
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SECTION THREE: INFLUENCE OF PARAMETERS ON RESULTS
FOR a-RAY AND Y-RAY CASES

Table XVI gives results of cylindrical cases grouped to facilitate
making comparisons for different values of E.

Figures 36 and 37 are plots of normalized Fjj vs. Bj4, for the dif-
ferent values of E in Table XVI.

Table XVII gives results of the Standard Spherical cases, grouped
to facilitate making comparisons for different values of x;; and DJD,.

Figures 38 and 39 are plots of normalized F;; vs. By for the dif-
ferent values of «,; and D,/D, in Table XVII.

Table XVIII gives results of spherical cases grouped to show the
effects of varying «,3 and Dy/D,.

Figures 40-43 are graphs of Fjj vs. By, K3, or D,/D, for certain
values of By as given in Table XVIIIL

Table XIX gives results of spherical cases grouped to show the
effects of varying k,4 and Dy/D,.

Figures 44-45 are graphs of Fjj vs. By, Kz, OF D./D, for certain
values of By as given in Table XIX.
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Table XVI
RESULTS OF GYLINDRICAL CASES FOR DIFFERENT VALUES OF E TO PLOT NORMALIZED F'S VS. B
Case No. 3 B3-107, B4~ 10 1 01 1073 107 107 1010 0°
520-- 5.305 F22 00530 | 02126 | 03625 | 04397 | 04505 0.46
Fa2lF(0) 0.115 0.462 0.788 0.956 0.979 1
(10.61) 1-Avidac 0.190 0.547 0.824 0.957 1
530-- 2.48 F22 0.0289 | 01493 | 03191 | 04329 | 0.44% 0.46
FaalF(0) 0.063 0.325 0.694 0.941 0.977 1
4.96) 1-Avidac 0.101 0.411 0.715 0.923 1
540.- 129 F22 00160 | 01008 | 02697 | 04212 | 04474 | 04539 | 04555 | 0.46
Fa2lF(0) 0.035 0.219 0.58 0.916 0.973 0.987 | 0.9% 1
(2.58) 1-Avidac 1
550 0.675 F22 0.0087 | 00632 | 02122 | 0395 | 04401 04501 | 0.46
F22lF(0) 0.019 0.137 0.462 0.869 0.957 0.988 1
(1.35) 1-Avidac 1
560- 0.35% F22 00046 | 0.0372 | 01528 | 03616 | 0.4219 0.4463 | 0.46
F22lF(0) 0.010 0.081 0.332 0.787 0.918 0.971 i
(0.707) 1-Avidac 0.020 0.110 0.320 0.643 0.760 0.833 7
570+ 0.1875 F22 0005 | 00212 | 01013 | 03057 | 03863 10710 | 1015 | g6
F22IF(0) 0.005 0.046 0.220 0.665 0.840 0.4156 | 0.4303 1
©0.375) 1-Avidac 0903 | 093
0.0707) 1-Avidac 0.012 0.337 1
Case No. E Bg-107, B3- 10 1 0.1 103 10 107 10710 0
525 5.305 F1 00859 | 0219 | 0312 | 0413 | 04213 0.425
F11/FO) 0.202 0.616 0.873 0.973 0.91 1
535-- 2.48 F11 00487 | 01960 | 03279 | 03%92 | 04128 0.425
F1L/F(0) 0.115 0.462 0172 0.940 0.972 1
545 129 F11
F11/F0)
555+ 0.675 F11 0.0151 | 0088 | 02146 | 03391 | 03758 04049 | 0425
FLI/FO) 0.0% 0.208 0.505 0.798 0.884 0.953 1
565.- 0.353% 11 00081 | 00532 | 01528 | 02875 | 03379 0.3825 | 0425
FLI/F0) 0.019 0.116 0.360 0.676 0.79 0.900 1
575 0.1875 . f1 00044 | 00306 | 01004 | 02260 | 0.2859 1075 | 405
11/F(0) 0.010 0.072 0.236 0532 0.673 0»3699 1
0.870

*Rough extrapolated values.
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F22(B)/F22(0)

Table XVIT
RESULTS OF STANDARD CASES WITH SPHERICAL SYMMETRY
By 10 1 0.1 102 1073 107 0
std. T Case No. 145 144 143 - 142 141 253
- FoolB) 0.0070 0.0498 0.1547 0.2176 0.2951 0.2951
B3-10°
2 F(BIIF(O) 0.024 0.169 0.524 0.941 1.000 1
|y
Std. I Case No. 305 304 303 3025 302 301 257
- F2(B) 0.0039 0.0312 0.1195 0.2092 0.2575 0.2713 0.2135
fael F(BIIF(O) 0.014 0.114 0.437 0.765 0.941 0,992 1
Std. I Case No. 315 314 313 3125 312 311 an
610 FoolB) 0.0044 0.0317 0.1080 0.1799 0.2170 0.2293
=1 .
g F(BI/F(0) 0.020 0.138 0.471 0.785 0.946 1
Std. TV Case No. 320 319 318 375 317 316 265
T FoplB) 0.0040 0.0331 0.1365 0.2409 0.2993 03186
10 E
3 F(BIIF(O) 0.029 0.104 0.422 0.756 0.939 1
Std. ¥ Case No. 310 309 308 3075 307 306 280
s FoolB) 0.0022 0.0187 0.0902 0.1862 0.2470 0.2657 0.2633
2 F(B)/FIO) 0.008 0.071 0.343 0.707 0.938 1 1
std. I Case No. 325 324 3 322 321 301 257
Fl1(8) 0.0068 0.0412 0.1032 0.1435 0.1610 0.1667 0.1670
P F11(BIF(0) 0.041 0.247 0.618 0.859 0.964 0.998 1
F22(8) 0.0040 0.0310 0.1180 0.2081 0.2571 0.2731 0.213
Fp(BIIF(O) 0.014 0.113 0.431 0.761 0.940 0.999 1
10 2"
Fig. 38
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2/01 F2(B)/F22(0)
A STANDARD ¥ (D,/D = 0.125)
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Table XVIII

RESULTS WHEN k, /k,, AND D,/D, VARY FOR Y-RAY CASES

Deviation Final Values of Fy,
from @ By
Case No. std. 1
xis Dy/D, 10-% 1073 107! 1 10
141-145 2.0 Std. I | 0.1720 | 0.1720 | 0.1695 0.1642 | 0.1603
405-409 0.5 0.1730 0.1777 0.1893 0.2010
246-250 0.1 0.1720 | 0.1722 | 0.1789 | 0.1969 | 0.2149
151-155 107 0.1718 | 0.1720 | 0.1792 0.1987 | 0.2185
211-215 10-4 0.1720 | 0.1720 | 0.1795 | 0.1993 | 0.2197
203-201 0.4545 - 0.1720 - 0.1709 - 0.1663
141-145 0.15 Std. 1 | 0.1720 0.1720 | 0.1695 0.1642 0.1603
236-240 0.015 0.1720 | 0.1720 | 0.1690 | 0.1633 0.1591
De‘viart":on Final Values for By = 10
Case No. S:: 1
Kis 'D,/D, Fn Fy Fa Fyy Fau
145 2.0 Std. I | 0.1603 | 0.0129 0.0070 | 0.8267 | 0.9800
405 0.5 0.2010 | 0.0132 | 0.0072 | 0.786 0.980
250 0.1 0.2149 | 0.0130 0.0070 | 0.7720 0.9799
155 107 0.2185 0.0130 0.0070 | 0.7685 0.9800
215 1074 0.2197 | 0.0133 | 0.0072 0.7670 0.9796
201 0.4545 0.1663 | 0.0129 | 0.0070 | 0.8207 | 0.9800
145 0.15 Std. 1 | 0.1603 | 0.0129 | 0.0070 | 0.8267 | 0.9800
240 0.015 0.1591 0.0129 | 0.0070 | 0.8280 | 0.9800
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Tale XIX
RESULTS WHEN kag/ky) AND Dg/D) VARY FOR y -RAY CASES
Deviation from Std. Final Values of Fzp & By
Case No.
- D410y 10°% 10 107! 1 10
W 20 0291 ozms 0154 0.0498 0.0070
m- (U] 0.2%1 020 01507 0.0485 0.0072
[T s 0.2951 - 01541 - 0.0070
M- ol 0.2%51 0216 01547 0.049%8 0.0070
m-m () 021 02760 01550 0.0498 0.0070
Deviation from Std. Final Values for B4 « 10
Case Vo
™ Dg/0y il fiz fa fi3 2
w 20 e, 0.1603 0019 0.0070 0.8267 0.9800
™ (13 0.1603 0012 0.0070 0.6268 0.9802
= 086 0.1603 00129 0.0070 0.8267 0.9800
] ol W 0.1603 00129 0.0070 0.8267 0.9800
= s 0.1603 00129 0.0070 0.8267 0.9800
osf-
! Fig. 44
Influence of Reaction Rate
2
on F 22
- r_ SPHERCAL GEOMETRY WITH 8, +10°5
X STANDARD I (xpe* 20
© STANDARD 1° (xy4+002)
1 | 1 |
o ' o w0? w*
osf—
Fig. 45 |
Influence of Diffusion Rate -
on F;;

SPHERICAL GEOMETRY WITH 8, «10°8

X STANDARD 1% (D4 /0, * 0.4548)
© STANDARD 1 (D4 /0, +0I8)
© STANDARD 1* (D, /D, +0.08)

= | TS

0 w0
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SECTION FOUR: FIGURES TRACING THE REACTIONS OVER TIME
AND SPACE FOR y-RAY CASES

As indicated previously, transformed time T goes from 1 to 0,
while real time goes from 0 to = and transformed space R goes‘ from
1 to 0, so P goes from some integer at the origin down to 0, while the
real space goes from 0 to co. All but Figure 46 are based on actual cases
described in Table XV.

Figure 46: General shapes of solutions.

Figures 47-57: Graphs of the amounts of Xj (i=1,2,3,4) at the origin
(center of initial concentration of free radicals) as a function of the real
time plotted on a log scale. Figures 47-51 are for Standard I at different
values of By, whereas Figures 52-57 are all for B, = 1 for different
parameter combinations.

Figures 58-61: Similar plots for either X; and X3 or X, and X4
for B, = 10 only, with different cases grouped so each graph shows the
influence of some parameter for cases similar to Standard I. The parame-
ters being varied are D3/D1, K 13» D,,/Dl, and k,4 in each case the concen-
tration of X; at the origin is plotted against the log of the real time.
1)

Tables XX to XXIII: Values of Uj (i = >17 ) to be used in plotting

U. vs. T at certain values of R (or P) and to plot U; vs. R at certain values
of T for Standard II cases.

Figures 62-89: Plots based on the information in Tables XX-XXIII
for the cases described in Table XV.

Figures 90 and 91 are similar plots for Standard V Cases.
Figures 92-103: Plots of F;;

vs. log t for Standard I cases and !
others with selected values of By.

U, Uz Us
I ) [ )
T T
o = I 0 = i
U31U4 U31U4
Fig. 46
|
% General Shapes of Solutions
i Ui(R,T)
0 = { 0 {
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Table XX

CONCENTRATIONS OF REACTANTS AT VARIOUS TIMES AND POSITIONS IN SPACE
FOR CASE 257: SPHERICAL GEOMETRY; STANDARD II; B; = By =0

o 0.2727 0.5152 0.7576 1.0
i 0.2727 0.5152 0.7576 1.0
T 0.1009 0.1780 0.2467 0.3084
0.1033 0.2472 0.4083 0.5748
s 0.2611°" 0.4527°" 0.6167°" 0.7569"
0.2011°" 0.74217 0.1575 0.2614
e 0.2822°2 0.5012°2 0.6947°2 0.8612°2
0.943673 0.7008°2 0.2258°" 0.5067°7
-9 ol
0 0.1233 0.2328°7 0.3422°° 0.45167°
=10 2
0.1460 0.1961°° 0.9303°° 0.2865°8

25

33
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Table XXI

CONCENTRATIONS OF REACTANTS AT VARIOUS TIMES AND POSITIONS IN SPACE
FOR CASE 305: SPHERICAL GEOMETRY; STANDARD II; By = 10°%, B, = 10

10 1.0 0.2127 1.0 05152 1.0 0.7576 1.0 1.0 1.0
1.0 0.2127 1.0 05152 1.0 0.7576 1.0 1.0 1.0
in 1.0 0.1008 4491.04 0.1772 1167578  0.2443 2049545  0.3037 30363.72
1.0 0.5694(-4)  [0.9955 0.14663 |0.9883 0.2626¢3) | 0.9795 0.4032¢-3) |0.9696
T
an 1.0 0.2591¢")  |689.47 0.4435¢1 [3528.97 0.5920¢") |9406.88  0.7054") [18788.33
1.0 0.9993 0.9965 0.9906 0.9812
10 0.2750¢-2) 11,91 0.480602) |236.53 0.646102) | 1469.55  0.7539¢-2) |5495.83
- 1.0 1.0 0.9998 0.9985 0.9945
1.0 092179 |10 0.1741¢'9 | 1.0 0.2560“'] 1.0 0337849 | 1 0002
1.0 0 1.0 0 1.0 0 1.0 0 1.0
P
0 9 17 25 3
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Table XXII

CONCENTRATIONS OF REACTANTS AT VARIOUS TIMES AND POSITIE)SNS Il\i SPACE
FOR CASE 303: SPHERICAL GEOMETRY; STANDARD II; B; = 1077, By = 0.1

0 1.0 0.2727 1.0 0.5152 1.0 0.7576 1.0 1.0 1.0
i 1.0 0.2721 |10 05152 |10 0.7576 |10 1.0 1.0
0o 1.0 0.1009  [328.34 0.1780  [803.50 0.2466 1329.24 0.3082 1873.71
' 1.0 0.9585(-1) [0.9673 0.2300  [0.9197 0.3812  [0.8666 0.5383 0.8127
.
il 1.0 0.2609¢") [197.66 0.4517¢1) [827.43 0.6139¢1) | 1867.38 0.7512¢:1) [3171.24
1.0 0.1514¢1) 10.9803 0.5685¢1) 10.9174 0.1234 0.8134 0.2104 0.6830
o 1.0 0.2808¢2) [18.12 0.4963¢2) 1208.60 0.68112) | 920.34 0.8283¢2) (2598.76
1.0 0.2240-3) [0.9983 0.1793¢2) 10.9792 0.6432(-2) | 0.9081 0.1676¢") [0.7402
; 1.0 0.6029*%) 10.9995 0.1132"% [1.0181 0.1654 [ 1.2718 0.2162"% [2.8250
1.0 0 1.0 0 1.0 0 1.0 0 0.9998
P
0 9 17 25 33
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0.50

0.25

Table XXIII

45

CONCENTRATIONS OF REACTANTS AT VARIOUS TIMES AND POSITIONS IN SPACE
FOR CASE 301: SPHERICAL GEOMETRY; STANDARD II, By = B, = 10~*

0.7 1.0 0.5152 1.0 0.7576 1.0 1.0 1.0
1.0 0217 1.0 0.5152 1.0 0.7576 1.0 1.0 1.0
1.0 0.1009 0.9992 0.1780 1.0122 0.2467 1.0320 0.3084 1.0551
1.0 0.1033 1.0008 0.2472 0.9878 0.4083 0.9680 0.5747 0.9448
1.0 0.0261 0.9902 0.0453 1.0160 0.0617 1.0809 0.0757 1.1749
1.0 0.0201 1.0098 0.797 0.9840 0.1575 0.9191 0.2614 0.8251
1.0 02822 [o.9885 050122 |0.9953 0.6946) | 1.0656 0.8611¢2 12413
1.0 0.9000¢3 [1.0115 0.7008¢2) (1.0047 0.2258¢1 [0.9343 0.5067¢" 0.7586
1.0 0.985714) 10,9999 0.1862'% 0.9999 0.2738%13 | 0.9999 03614019 10
1.0 0.1173¢14) 19 0.1576¢'9) 10 0.7483013) 0,9999 0.2307¢12) 0,9999

5
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SECTION FIVE: RESULTS OBTAINED FROM CODE C, FOR THREE
PRIMARY AND ONE SECONDARY REACTION.
THUS, Dy/D,, 3, AND By ARE ALL ZERO.

Table XXIV

PARAMETERS FOR STANDARD II CASES RUN WITH CODE C

Case No. | € |B E D;/D, | D}/D; | ka2 | k2 | K24 By
1000 2 |1 ]|os87]| 025 |0 2 |0.55] 0.1 | 002175
1001 2 |1 |o87]| 025 | 1.0 2 |0.55 | 0.1 | 0.02175
1002 2 |1 ]|o87]| 025 | 0.5 2 |0.55 ] 0.1 0.02175
1003 2 |1 |os87]| 025 | o025 | 2 |0.55 | 0.1 [ 0.02175
1004 1 |1 ]1.60| 0.25 | 0,125 | 2 |0.55 | 0.1 | 0.08

Table XXV
RESULTS OF CASES DESCRIBED IN TABLE XXIV

Case No. | Fy, Fp Fp |F§=HO,| Hp=}Fy | HO; = }¥u -Fi4

1000 No Result (unstable)
1001 0.1670 | 0.2410 | 0.2731 | 0.0014 0.0835 0.1351
1002 0.1670 | 0.2410 | 0.2724 | 0.0023 0.0835 0.1339
1003 0.1670 |0.2410 | 0.2720 | 0.0042 0.0835 0.1318
1004 0.475 |0.525 |0.437 | 0.038 0.238 0.181
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