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COMPUTER CODES FOR THE EVALUATION OF THERMODYNAMIC PROPERTIES,
TRANSPORT PROPERTIES, AND EQUILIBRIUM CONSTANTS

FOR AN 11-SPECIES AIR MODEL

R. A. Thompson, K. P. Lee, and R. N. Gupta

Summary

Among the most important needs for accurate numerical prediction of high-temperature,
chemically reacting flowfields are the physical properties and reaction kinetics for the species
involved. Equally important are the gross properties of a reacting gas mixture which depend,
in part, on the interaction of the various species involved. The computer codes developed in
this work attempt to address some of these needs by providing data for thermodynamic and
transport properties and reaction rates in a usable and readily accessible format for the 11
species present in a typical reacting air model. The 11 species considered in this model are
Ny, Oy N, O, NO, NO*, e7, N*, O*, N7, and OF. For thermodynamic properties, these
codes compute the specific heat at constant volume, C, i» and static enthalpy, k;, for the indi-
vidual species. For transport properties, the individual species visco_s_ities, H;, and thermal
conductivities, k;, are computed along with the diffusion coefficients, D;;; collision cross sec-
tions, Q,-(jl'l) and Q,-(f'z); and collision cross-section ratio, B,-;- for the interaction between
species i and j. The computed data can be used directly in appropriate mixture formulas.
Reaction-rate data are provided from these codes in the form of the equilibrfium constant,
K,, ;. for the prominent reactions occurring in the 11-species air model. Thermodynamic pro-
perties, transport properties, and reaction-rate data are computed through the use of curve-fit
correlations which are functions of temperature (and number density for the equilibrium con-
stant). These curve fits were made data believed to be the most accurate available. In the
numerical simulation of a reacting gas flowfield, the number of gas properties needed and the
frequency at which they are needed are significant. Therefore, the use of curve fits, as
opposed to table look-up techniques, is desirable for the computational speed advantage
offered.

Symbols

A, coefficients of polynomial curve fits for thermodynamic properties,
n=12..7 (eqs. (1), (2), and (3))

A b, Bﬁ,;’ Cﬁ.-,-’ Dﬁ.-,- curve-fit coefficients for diffusion coefficient D, ;i (eq. (12))

AK,,,,,’ BK‘”, CK,,,» curve-fit coefficients for equilibrium constants K., (eq. (18))
Dk, Ex,, F.,,

A Ko BK”, C Ko curve-fit coefficients for frozen thermal conductivity of

Dy, .. Eg,, species i, K¢ ;, (eq. (10))

Au.-’ B o C " curve-fit coefficients for viscosity of species i, Y;, (eq. (9))
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curve-fit coefficients for collision cross section 5_2,-(1'1'1), (eq. (13))
curve-fit coefficients for collision cross section 5_2‘-(!-2‘2), (eq. (14))

curve-fit coefficients for collision cross section ratio B‘-j-, (eq. (15))

ratio of collision cross sections, (55,-(]-]'2)—-4?2,-9‘3))/55-1’1)
ecific heat at constant pressure of  species i,

oh 1/ le—K
57| - callgm—mole -

P
binary diffusion coefficient, ¢m ¥sec

free energy of species i at 1 amm pressure (standard state),
cal/gm-mole

enthalpy of species i, cal/gm -mole
equilibrium constant for reaction r, ke lky ,

frozen thermal conductivity of species i in thermodynamic equili-
brium, K,, ; +K;,, ;, callcm —sec =K

internal component of the frozen thermal conductivity of species i in
thermodynamic equilibrium, cal /cm —sec -K

translational component of thermal conductivity of species i,
callcm—sec-K

backward qreaction rate coefficient for reaction r, cm3/mole~sec or
cmmole *~sec
forward reaction rate coefficient for reaction r, cm>imole —sec

pressure, atm

electron pressure, arm

limiting value of the electron pressure, arm

universal gas constant, 1.987 cal/gm -mole -K

temperature under thermodynamic equilibrium, X

viscosity of species i, gm/cm—sec

average collision cross section (used for diffusion, viscosity, and

translational, internal and reaction components of thermal conduc-
tivity) for collisions between the species i and i, A% 1A=10%cm o

average collision cross section (used for viscosity and translational
component of thermal conductivity) for collisions between the species
i and j,

average collision cross sections (used for translational component of
thermal conductivity) for collisions between the species i and j, A?




Abbreviations:
NATA Nonequilibrium Arc Tunnel Analysis

Analysis

Least-squares polynomial curve fits were employed in the present work to approximate
the various species properties. A detailed review of the sources and accuracy of the species
data used herein is given in reference 1. Development of appropriate mixture laws for imple-
menting the data generated by the present curve fits is also reviewed in reference 1. This sec-
tion details the curve fits of the various properties, gives reference to the data sources, and
describes the methods involved in the present work.

Thermodynamic Properties

Data for the thermodynamic properties of the air species considered herein were obtained
from the work of Browne (refs. 2 and 3). Fourth-order least-squares polynomial curve fits for
the temperature range 300 < T < 30000 K were developed for the thermodynamic properties.
These curve-fit correlations are given by the following equations:

Specific heat:

G, !
P 2 3 4 ca
=A|+A T + AT+ AT +ATY, —mM 1
Rouniv : 2 ? 4 5 gm—mole —-K M
Specific enthalpy:
h; AT AsT?2 AT ATY A
i A+ 2 A3 A L As0 L As ’ cal )
R,iT 2 3 4 5 T gm-—mole
For equilibrium calculations, the following equation for the free energies F ; may be used:
F? AT AsT?  AT? AT Ag cal
= A[1-In(T)] - - - - +—-4A;, — (3
Rt~ All=nDl = — 6 12 20 T T amemote ©

where F is the free energy of species i at 1 atm pressure (standard state).

Curve fits of the individual species properties for temperatures ranging from 300 K to
30000 K were performed over five separate temperature intervals. The temperature boun-
daries for these intervals were 1000, 6000, 15000, and 25000 K. Continuity between curve
fits was not assured since five separate equations were used to fit the entire range. Therefore,
a linear averaging of the curve fit coefficients around the four temperature boundaries is per-
formed to yield continuous data from the thermodynamic curve fits. The boundary regions for
this averaging are 800 < T < 1200 K, 5500 < T < 6500 K, 14500 < T < 15500 K, and 24500
< T < 25500 K. The averaging for a boundary region can be written as

A, =(-a)Ak+aAV n=123,.,7 4)
where
T -Tf
a= "7 7L &)
T,y -Tp

Here, T/ and TE are the upper and lower limits, respectively, of the boundary region. The
superscripts U and L on A, denote coefficients of the curve fits from the upper and lower



sides of the temperature boundaries. With these definitions, the curve-fit coefficients A,
equations (1), (2), and (3) are replaced by A from equation (4) when the tempcrature is
within a temperature boundary region.

The curve-fit coefficients for the thermodynamic properties are presented in table I for
the 11 air species, Note that each species has five rows of coefficients which correspond to
the five temperature intervals discussed above. Figure 1 shows a typical comparison of the
curve fit for diatomic nitrogen with the original data of Browne (refs. 2 and 3) and the results
of Hansen (ref. 4).

Transport Properties

The transport properties required in flowfield calculations are typically the viscosity, ther-
mal conductivity, and diffusion coefficients. The collision cross sections needed to calculate
these properties were recomputed in reference 1 using the same molecular data used by Yos
(refs. 5, 6, and 7) and the NATA (Nonequilibrium Arc Tunnel Analysis) code (refs. 8, 9, and
10). Reference 1 gives a description of the data and methods used in NATA for these calcu-
lations along with the equations used to compute the transport properties (viscosity, thermal
conductivity, and diffusion coefficient) from the collision cross sections. Curve fits of the
individual collision cross sections (Q ”) gz) ratio of collision cross sections (B ) and
resulting transport properties (W;, k;, and D;;) have been obtained in this work and are
described next.

Temperature-dependent curve fits for the transport properties were performed as polyno-
mial least-squares fits of the natural logarithm of the data. This allows a single curve fit for
each species and property (in nearly all cases) for the entire temperature range of 1000 < T <
30000 K. A fifth-order polynomial fit for any property P has the general form

In(P)=Apz>+Bpz*+Cpz>+Dpz*+Epz +Fp (6)
where
=In(T) 7

Equation (6) can also be written as
p = oFrylAeln T¥+Bp(n TY +Cp(in TY+Dp(n T)+Ep] )

It is important to note that the logarithmic form of these equations requires extreme
accuracy in the curve-fit coefficients. Therefore, the coefficients presented herein are some-
times carried to five or six decimal places and all digits are significant. Also, the polynomial
form of the curve-fit equation (eq. (6)) is more accurate because of less round-off and should
be used when evaluating the properties.

The curve-fit polynomials for the transport properties varied from second to fourth order
depending upon the nature of the data involved. Viscosity curve fits for the 11 individual
species were done using second-order polynomials which yields a curve-fit equation of the
form

Cy, [AuInT +B,] m
w=e T " ;= )
cm—sec
Coefficients for the viscosity curve fits are presented in table II. Figure 2 illustrates the com-
parison between the curve-fit equation and the original data for one species.

The curve-fit equations for the thermal conductivity, Ky ;, are higher order than for the
viscosity and have the form
lAg, (Un T )y + By, (nT 2+ Cr, InT + Dy ] cal

_— 10
cm—sec —-K (10)

Kri= 1T



The coefficients for eq. (10) for each species are given in table Il and a comparison between
the curve-fit equation and original data for diatomic oxygen is presented in figure 3.

In the present work, curve-fit coefficients for the transport properties of the ionic species
are provided for the limiting electron pressure p, =p,,, at which the shielding factor InA=1.
For any other electron pressure, it is necessary to correct the transport properties of the ionic
species according to the formula

we.) K i)  Dyp,) 1
i'(pem)

WPem) K7 iPem)  Dy(pn)  InAG,)

- 2 (11)

4 8/
In|2.00x102 | — T | 415 —T
1000p M4 1000p 4

The diffusion coefficients, D-l-j =pD,;, for the interaction of species i and j were fitted in
the present work using the following equation:

- D5 [A5 (nTY+B5 InT +Cj ]
D‘-j =e T i P i , cm2—atm Isec (12)

The curve-fit coefficients of equation (12) are given in table IV for the different interactions
occurring in_the 11-species air model. Note that the diffusion coefficient matrix is symmetric
(ie., D,-j =D j,-) so that there are only 66 distinct interactions between the 11 species.

The values of D_,-j obtained from equation (12) with the curve-fit coefficients given in
table IV are for the limiting electron pressure p,,,. If the _pair of interacting species are both
ions, both electrons, or any combination of the two, then D;; must be corrected for the given
electron pressure by employing eq. (11).

The collision cross sections and collision cross section ratio have been curve fit in the

present study as a function of temperature for the limiting electron pressure using the follow-
ing relations:

D A inTY+ B, InT +C .
Q0 = o sy e Baga T+ Cagal o) (13)
D [A (InTY+B_uunT +C_ ]
= a22_Agzen 2.2 2.2)
OfP=e W0 RN ¢ (14)
Cpe [AyInT + B .]
Bi=e T ™ (15)

J

These equations are also applicable for i=; (single species). For electron pressures different
from p,,,, the formula given by the following equation is used to correct the cross sections for
the interaction of any ionic species or electron with any other ionic species or electron:

ngl s )(pe )
Qif]‘l o )(pem )

4 8/ '
T T
1000[)8“4} +1.52[ 1000/)6“4} ]J (1o

=InAQ,)

= %m {2.09><10-2




No correction for electron pressure is required for the cross-section-ratio parameter B,-j-.

Curve-fit coefficients appearing in equations (13) through (15) are given in Tables V
through VII for all interactions in the 11-species air model. Note in tables V and VI that the
collision integrals QY+ for the charged species pairs show a simple T2 dependence requir-
ing only two curve-fit coefficients. Figure 4 illustrates some typical curve fits obtained by
employing equations (12) through (15) with the associated constants. The figure compares the
computed values of binary diffusion coefficient, collision integrals, and collision integral ratio
with the approximating curve fit for an ion-neutral interaction pair. The collision integral
ratio, Bi;-, is almost constant with temperature as shown in the figure and was fitted with the
lower order curve fit where possible.

Equilibrium Constants

Curve fits for the equilibrium constants as functions of temperature for the 20 reaction
equations present in the 11-species air model were calculated for a range of number densities.
Data for the equilibrium constants, K, ,, have been computed in reference 1 by using the
atomic partition functions and the molecular partition functions provided in reference 11. The
computed values of K., , have been curve fitted here by the least-squares curve-fit method as
a function of temperature using the following expression:

F 104 [A,(‘q.rz‘+BKZ"rz3+CK'”zz+DK‘”z +E,(ZN]
eq.r T

(18)

here

z—lnl—(K
T

Curve fits for each reaction were done for six different values of number density ranging from
10! to 10" particlesicm® which covers the area of practical interest in aerospace applica-
tions. The curve-fit coefficients appearing in equation (18) are given in table VIII. Figure 5
shows the variation of the equilibrium constant with temperature at a fixed total number den-
sity for a typical reaction.

User Instructions L e s o

The computer codes developed in this work to evaluate the thermodynamic and transport
properties and equilibrium constants are in the form of FORTRAN subroutines for easy adap-
tion to existing codes. The subroutines are well commented and can be easily modified to
suit the user’s needs. In an attempt to maintain generality, a total of 16 subroutines are avail-
able for use. These 16 routines are composed of two codes each for the evaluation of the fol-
lowing eight properties:

1) species specific heat and static enthalpy, Cp, and A
2) species viscosity, W,
3) species frozen thermal conductivity, K i
4) diffusion coefficient, D; = FD,-J-

.. . an
5) collision cross section, £2;;
6) collision cross section, Qéz,z) .
7) collision cross-section ratio, B;
8) equilibrium constant, K., ,

The routines include coding to correct the transport coefficients and collision cross sections of




ionic species for any electron pressure. The pair of subroutines for each of the eight proper-
ties includes one routine to evaluate the property for a single species, interaction pair, or reac-
tion and one routine to evaluate the property for all species, interaction pairs, or reactions. In
the former case, the single species, interaction pair, or reaction is denoted by simple indices to
the species number, pair of species numbers, or reaction number. The use of an index
assumes the species and reaction numbering given in the following two tables.

Species Numbering

Number  Species | Number  Species
1 N2 7 e
2 0, 8 N*
3 N 9 o+
4 0 10 NS
5 NO 11 05
6 NO*
Reaction Numbering
Number Reaction Number Reaction
1 O0,+M| 220 +M, 11 0+03 2 0,407
2 NyMy, 2 2N+M, 12 NNt 2 N+NJ
3 N+N 2 2N+N 13 N+N 2 Ny+e™
4 N0+M3—(__)N+O+M3 14 02+N22N0+N0++€_
5 NO+0 2 0,+N 15 NO+M 4 2 NOt+e™+M,
6 N+O 2 NO+N 16 O+NO* 2 NO+0O*
7 N+O 2 NO*+e~ 17 N+O* 2 O+N S
8 O+e~ 2 O*+e +e~ 18 N+NO* 2 NO+N*
9 N+e~ 2 N*+e +e~ 19 O +NO* 2 NO+0O 5
10 0+0 2 0F+e~ 20 O+NO™* 2 0,+N*

Note that the above ordering of the 11-species air model also allows an fewer species
model (e.g. 5 or 7 species) to be treated without renumbering. In a 5-species model, only the
first five species and first six reactions are used, and in a 7-species model only the first seven
species and reactions are needed. Thus, to evaluate the properties for a single species,
interaction pair, or reaction, the only quantity needed is the correct index number(s) from the
above tables. For example, the viscosity for diatomic oxygen, Ho, 1s simply W,, while the
diffusion coefficient for the species pair O, — e~ is given by D. 2,7- Evaluation of the proper-
ties for all species, interaction pairs, or reactions present requires only the total number of
species or reactions in the assumed gas model. These are typically, 11 species/20 reactions, 7
species/7 reactions, and 5 species/6 reactions. Given these limits, the present codes can be
used to compute properties for all species, interactions, and/or reactions with single FOR-
TRAN calls. For generality, the present subroutines will return the full matrices of the
diffusion coefficient, collision cross section, or collision cross-section ratio although they are
symmetric. Because of the symmetry of these matrices, these properties could just as well be



stored as one-dimensional arrays by using a simple index. This would require less storage but
also a close coupling of the subroutines with the calling program. A simple indexing scheme
to accomplish the one-dimensional ordering from the species numbering can be developed.
Given the indices of any species pair (i,j), the index (element) of the one-dimensional array
can be computed using the following coding:

C ... COMPUTE INTERACTION-PAIR INDEX, N
IF(I.LT.J) THEN
I1=J
JJ=1
ELSE
II=I
JJ=]
END IF
N=INT(0.5*IT*(11-1))+JJ

This coding is valid for the pair (i,j) or the equivalent pairing (j,i) and can be used for 11-,
7- or 5-species models if the present numbering scheme is used. This coding is presently
used for ordering the curve-fit coefficients in a one-dimensional array in the subroutines which
compute a single property. It could be easily implemented in the other subroutines and in the
user’s calling program to handle one-dimensional arrays of the diffusion coefficient, collision
Cross section, etc., in place of the two-dimensional matrices (arrays) presently returned. It
should be noted that all of the curve-fit coefficients used in the present work are listed in the
form of DATA statements in the subroutines where they are used. In this form, it would be a
simple task to incorporate the coefficient data into computer codes developed independently of
those described in this report.

Subroutine Description and Use

The calling syntax of the 16 subroutines developed in the present work and discussed
above are outlined in the following sections. Each subroutine name begins with the letters
GAS followed by a number between 1 and 8 corresponding to the property computed and the
letter S or A indicating whether a Single property or an Array of properties is computed. In
the following descriptions, parameter lists are described for each subroutine.

Species Enthalpy a'ndr Specific Heat

e GASTA ot B
Purpose:  Compute species enthalpy and specific heat for an array of species at a given
temperature
Use: CALL GASIA(NS,T,CPLHI)
Input: NS = Number of species (usually 5,7, or 11)

T = Temperature, K (300 < T < 30000)
Output: CPI(NS) = C, ;, array of specific heats, cal /gm—mole -K
HI(NS) = h;, array of enthalpies, cal lgm-mole



-- GAS1S

Purpose:

Use:
Input:

Output:

Compute the enthalpy and specific heat for a single species at a given tem-
perature

CALL GASI1S(1,T,CPLHI)

I = Index of species

T = Temperature, K (300 < T £ 30000)

CPI = C, i» specific heat of species i, cal/gm—mole —-K
HI = h;, enthalpy of species i, cal/gm-mole

Species Viscosity

-- GAS2A

Purpose:
Use:
Input:

Output:

-- GAS2S

Compute an array of species viscosities at a given temperature
CALL GAS2A(NS,T,AMU)

NS = Number of species (usually 5, 7, or 11)
T = Temperature, K (1000 < T < 30000)

AMU(NS) = y;, array of species viscosities, gm /cm —s

Purpose:
Use:
Input:

Output:

Compute viscosity for a single species at a given temperature
CALL GAS2S(I,T,AMU)

= Index of species
T = Temperature, K (1000 < T < 30000)

AMU = y,, viscosity of species i, gm/cm—s

Species Frozen Thermal Conductivity

Purpose:

Use:
Input:

Output:

Compute an array of species frozen thermal conductivities at a given tem-
perature

CALL GAS3A(NS,T,AK)

NS = Number of species (usually 5,7, 0r 11)
T = Temperature, K (1000 < T < 30000)

AK(NS) =K r.i» array of species frozen thermal conductivities, cal/cm —s -K

e - - —————————— = - - e i e e 0

Compute the frozen thermal conductivity for a single species at a given tem-
perature

CALL GAS3S(I,T,AK)

I = Index of species
T = Temperature, K (1000 < T < 30000)

AK = K ;, thermal conductivity of species i, cal/cm —s -K
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Diffusion Coefficients

-- GAS4A

Purpose:

Use:
Input:

Output:

Output:

Compute the matrix of diffusion coefficients for all interacting species at a
given temperature

CALL GAS4A(NS,T,DC)

NS = Number of species (usually 5, 7, or 11)
T = Temperature, K (1000 £ T < 30000)

DC(NS,NS) = 5,-1- =pD,-j, matrix of diffusion coefficients, cm —arm /s

Compute the diffusion coefficient for a single pair of species at a given tem-
perature

CALL GAS4S(1,J,T,.DC)

I = Index of species i

J = Index of species j
T = Temperature, K (1000 < T < 30000)

DC = 5-,-1- =pD;;, diffusion coefficient for pair (i,j), cm—atm /s

Collision Cross Sections

Output:

-~ GAS5S -wrrorciuenn

Compute the matrix of collision cross sections for all interacting species at a
given temperature

CALL GASS5A(NS,T,OM11)

NS = Number of species (usually 5, 7, or 11)
T = Temperature, K (1000 < T < 30000)

OMI1I(NS,NS) = 551',1), matrix of collision cross sections, A2

Purpose:

Use:
Input:

Output:

Compute the collision cross section for a smgle mteractlon pa1r at a given
temperature o

CALL GASSS(LLT.OMI1)

I' = Index of species i

J = Index of species j

T = Temperature, K (1000 £ T < 30000)

OM11 = ﬁ,-(jl'l), collision cross section for pair (i,j), A2




-- GAS6A --

11

Purpose:

Use:
Input:

Output:

Output:

Compute the matrix of collision cross sections for all interacting species at a
given temperature

CALL GAS6A(NS,T,OM22)

NS = Number of species (usually 5, 7, or 11)
T = Temperature, K (1000 < T < 30000)

OM22(NS,NS) = %2, matrix of collision cross sections, &2

Compute the collision cross section for a single interaction pair at a given
temperature

CALL GAS6S(1,J,T,0M22)

I = Index of species i
J = Index of species j
T = Temperature, K (1000 < T < 30000)

OM22 = ﬁ,-(jz'z), collision cross section for pair (i,j), A2

Collision Cross-Section Ratio

Compute the matrix of collision cross-section ratios for all interacting species
at a given temperature

CALL GAS7A(NS,T,BSTAR)

NS = Number of species (usually S, 7, or 11)
T = Temperature, K (1000 < T < 30000)

BSTAR(NS,NS) = B,-;, matrix of collision cross-section ratios

Compute the collision cross-section ratio for the interaction pair at a given
temperature

CALL GAS7S(1,J,T,BSTAR)

I = Index of species i
J = Index of species j
T = Temperature, K (1000 < T £ 30000)

BSTAR = B,-;-, collision cross-section ratio for pair (i,;)
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Equilibrium Constants

-- GAS8A U —

Purpose:  Compute array of equilibrium constants for all reactions at a given tempera-
ture and number density -

Use: CALL GAS8A(NR,T,DN,AKEQ)

Input: NR = Number of reactions
DN = n, Number density, particles fem® (10 <n <109
T = Temperature, K (1000 < T £60000)

Output: ~ AKEQ(NR) = K, ,, array of equilibrium constants

GV — N —

Purpose:  Compute the equilibrium constant for a single reaction at a given tempera-
ture and number density

Use: CALL GASSS(I,T,DN,AKEQ)

Input: I =1, Index of reaction
T = Temperature, K (1000 < T < 60000)
DN = n, Number density, particles/cm3 (10'* < n < 10'%)

Output: AKEQ = K,, ,, equilibrium constant for reaction r

Environmental Characteristics

The computer codes described in this report were developed on a SUN 3/280 computer
running the SunOS 3.5 operating system. The codes are written in standard FORTRAN 77
language and should run without modification on other machines. It should be noted that the
two routines for the equilibrium constant (GAS8A and GASS8S) required double-precision
arithmetic on the 32-bit SUN 3/280 for accuracy near the curve-fit limits. All remaining rou-
tines are written with single-precision variables. The memory sizes of the various routines are
tabulated in the following table:

Memory Size of Subroutifes

Routine  Size, bytes | Routine  Size, bytes
GASIA 3853 GAS1S 3621
GAS2A 1395 GAS2S 1331
GAS3A 1543 GAS3S 1471
GAS4A 3023 GAS4S 2575
GASSA 3039 GASSS 2695
GAS6A 3039 GAS6S 2695
GAS7A 1965 GAS7S 1937
GASSA 8031 GASS8S 8023

The codes were timed on a SUN 3/280 with global optimization and the floating point
accelerator invoked for the FORTRAN compiler (i.e., f77 -O3 -ffpa). Times were monitored
for 100 calls to each subroutine, and the average time for a single call was computed as
shown in the following table:
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CPU Time for Single Subroutine Calls

Routine Time, s Routine Time, s
GASI1A 0.0078 GAS1S 0.0006
GAS2A 0.0086 GAS2S 0.0034
GAS3A 0.0094 GAS3S 0.0044
GAS4A 0.0628 GAS4S 0.0048
GASSA 0.0386 GASSS 0.0036
GAS6A 0.0384 GAS6S 0.0048
GAS7A 0.0266 GAS7S 0.0010
GASSA 0.0622 GASSS 0.0042

Implementation Instructions

The compilation command for the FORTRAN compiler on the Sun 3/280 system for the
subroutines described in this guide is

177 ffpa -O3 -c GASXX f

where GASXX f is the specific program name from the list of names described earlier (i.e.,
GASI1A, GASIS, GAS2A,...,GAS8S). The object file from the compilation step above would
be linked to a user program by the following command:

77 ffpa -O3 -0 exec userprogram.o GASXX .o

where exec is the executable file to be created, userprogram.o is the object file of the user’s
program after compilation, and GASXX.o is the object file from the subroutine compilation.
In the compilation and linkage steps above, the command line parameter -ffpa is used to
invoke the floating point accelerator. If an accelerator is not present, then this parameter may
be omitted. Also note that global optimization is used via the -O3 parameter, which may also
be omitted if desired.

Six driver programs are included along with the subroutines described thus far. These
driver programs are used to exercise each of the subroutines described herein for typical con-
ditions. These programs are useful for testing the subroutines and could be modified to gen-
erate a useful collection of tabulated species properties. Output from these programs is listed
in the next section.

The sequence of commands listed below is used to execute the driver programs on the
Sun 3/280 system.

J77 fipa -O3 -0 DRIVERIA DRIVERIA f GASIAf GAS2Af GAS3Af
DRIVERIA

177 fipa -03 -0 DRIVERIS DRIVERISf GASIS.f GAS2S.f GAS3S.f
DRIVERIS

177 ffpa -03 -o DRIVER2A DRIVER2A f GAS4A f GASSA f GAS6A f GASTA f
DRIVER2A

f77 ffpa -O3 -0 DRIVER2S DRIVER2S f GAS4S f GAS5S f GAS6S f GAS7S f
DRIVER2S
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f77 -ffpa -O3 -0 DRIVER3A DRIVER3A.f GASSA.f
DRIVER3A

f77 -ffpa -O3 -0 DRIVER3S DRIVER3S.f GASS8S.f
DRIVER3S

Sample Input/Output

The driver routines described above are used to exercise each of the subroutines for typi-
cal input parameters. This section lists the output from the three driver programs which is
generated directly from the various subroutines. Each driver routine calls one or more sub-
routines to evaluate the properties for eleven species (NS=11) for a range of temperatures ()
from 1000 to 30000 K. The output from each subroutine is gathered by the driver programs
for all temperatures and is then printed in tabular form. The driver programs call the indivi-
dual subroutines as shown in the following table: o

Subroutines Called from Driver Programs

Driver Subroutines
DRIVERIA GASI1A, GAS2A, GAS3A
DRIVERI1S GAS1S, GAS2S, GAS3S
DRIVERZ2A GAS4A, GASSA, GAS6A, GAS7A
DRIVER2S GAS4S, GASSS, GAS6S, GAS7S
DRIVER3A GASS8A
DRIVER3S GASS8S

Note that each pair of similarly numbered driver routines (e.g., DRIVERIA and DRIVER1S)
evaluate the same properties and differ only in the form of the subroutines called (i.e., single
value or array of values). The following tables represent the output from the three driver rou-
tines, DRIVERIA, DRIVER2A, and DRIVER3A. Output from the other three corresponding
subroutines (DRIVER1S, DRIVER2S, and DRIVER3S) is identical to that shown here. - -
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Output from DRIVERIA/DRIVERI1S program

SPECIFIC HEAT AT CONSTANT VOLUME, C

P, 1
CAL /GM-MOLE -K
T, K N o2 N (o] NO NO+ E- Ne O+ N2+ @+
1000 7.8420 8.3236 4.9729 5.0007 8.1113 7.8419 4.9675 5.0485 4.9675 7.8779 8.1049
1500 8.2977 8.7186 4.9677 4.9813 8.5314 8.2951 4.9675 4.9759 4.9671 8.4318 8.5399
2000 8.5792 9.0368 4.9607 4.9755 8.7705 8.5812 4.9675 4.9545 4.9672 9.0206 8.7978
2500 8.7544 9.2972 4.9723 4.9832 8.8917 8.7604 4.9675 4.9694 4.9675 9.5639 8.9347
3000 8.8574 9.5203 5.0142 5.0053 8.9502 8.8664 4.9675 5.0078 4.9699 10.0366 8.9996
3500 8.9164 9.7219 5.0945 5.0415 8.9883 8.9279 4.9675 5.0597 4.9780 10.4215 9.0342
4000 8.9535 9.9130 5.2179 5.0901 9.0357 8.9690 4.9675 5.1170 4.9977 10.7082 9.0733
4500 8.9850 10.0999 5.3856 5.1481 9.1098 9.0090 4.9675 5.1743 5.0365 10.8940 9.1444
5000 9.0210 10.2843 5.5951 5.2112 9.2151 9.0623 4.9675 5.2282 5.1042 10.9834 9.2679
5500 9.0655 10.4631 5.8406 5.2739 9.3435 9.1388 4.9675 5.2779 5.2122 10.988] 9.4571
6000 9.1098 10.6265 6.1198 5.3256 9.4931 9.2681 4.9675 5.3363 5.3362 10.8931 9.6873
6500 9.1225 10.7700 6.3401 5.3636 9.6258 9.3643 4.9675 5.3882 5.4615 10.890% 10.0628
7000 9.1683 10.8985 6.5405 5.4014 9.7387 9.4895 4.9675 4262 5.6325 10.9054 10.4828
7500 9.2472 11.0101 6.7239 5.4350 9.8508 9.6769 4.9675 4617 5.8073 10.9069 10.9074
8000 9.3647 11.1048 6.8870 5.4645 9.9625 9.9318 4.9675 4943 5.9822 10.8993 11.3278
8500 9.5247 11.1828 7.0276 5.4808 10.0741 10.2564 4.9675 5238 6.1541 10.8860 11.7362
5000 9.7297 11.2444 7.1447 5.5116 10.1856 10.6497 4.9675 5500 6.3201 10.8698 12.1255
9500 9.9807 11.2900 7.2379 5.5304 10.2969 11.1077 4.9675 5729 6.4777 10.8529 12.4893

10000 10.2772 11.3200 7.3082 5.5473 10.4079 11.6232 4.9675
10500 10.6170 11.3349 7.3573 5.5636 10.5181 12.1859 4.9675
11000 10.9967 11.3354 7.3881 5.5808 10.6271 12.7824 4.9675
11500 11.4113 11,3221 7.4045 5.6009 10.7342 13.3964 4.9675
12000 11,8541 11.2960 7.4113 5.6258 10.8386 14.0082 4.9675

5925 6.6247 10.8371 12.8221
6091 6.7593 10.8234 13.1189
6228 6.8801 10.8124 13,3756
6340 6.9860 10.8042 13.5888
10.7981 13.7559

by
L
=1
.\X
[~
-~
(=3
w

5.

5.

S.

5.

5.

5.

5.

5.

5.

5.

S.
12500 12,3173 11.2578 7.4142 5.6580 10.9393 14.5950 4.9675 5.6505 7.1505 10.7930 13.8750
13000 12.7912 11.2085 7.4203 5.7002 11.0353 15,1311 4.9675 5.6570 7.2087 10.7874 13,5448
13500 13.2647 11.1493 7.4373 5.7553 11.1252 15.5876 4.9675 5.6632 7.2512 10.7788 13.9650
14000 13.7255 11.0812 7.4741 5.8267 11.2078 15.9325 4.9675 5.6700 7.2787 10.7646 13.9359
14500 14,1593 11.0056 7.5406 5.9177 11.2815 16.1306 4.9675 5.6781 7.2922 10.7414 13,8586
15000 14.54%0 10.9253 7.7078 6.0523 11.3317 16.3209 4.9675 5.6949 7.2957 10.6876 13.7157
15500 14,9399 10.8365 7.9420 6.2067 11,3632 16.7090 4.9675 5.7139 7.2853 10.6147 13,5109
16000 15.2906 10.7412 8.1520 6.3710 11.3975 16.8730 4.9675 5.727 7.266% 10.5540 13.3127
16500 15.5970 10.6416 8.3973 6.5655 11.4217 16.9897 4.9675 5.7411 7.2437 10.4880 13.1042
17000 15.8575 10.5383 8.6768 6.7899 11.4356 17.0597 4.9675 5.7558 7.2164 10.4173 12.8872
17500 16.0711 10.4321 8.9889 7.0435 11.4395 17.0836 4.9675 5.7715 7.1853 10.3422 12.6639
18000 16.2374 10.3234 9.3311 7.3255 11.4333 17.0630 4.9675 5.7882 7.1512 10.2632 12.4360
18500 16.3564 10.2129 9.7006 7.6343 11.4174 16.9998 4.9675 5.8060 7.1146 10.1807 12.2054
19000 16.4291 10.1010 10.0939 7.9682 11.3921 16.8966 4.9675 5.8251 7.0759 10.0951 11.9736
19500 16.4568 9.9884 10.5069 8.3252 11.3576 16.7565 4.9675 5.8456 7.0359 10.0070 11.7425
20000 16.4414 9.8754 10.9349 8.7027 11.3144 16,5831 4.9675 5.8676 6.9951 9.9168 11.5134
21000 16.2928 9.6504 11.8142 9.5072 11.2040 16.1536 4.9675 5.9162 6.9132  9.7326 11.0673
22000 16.0114 9.4292 12.6826 10.3542 11.0658 15.6482 4.9675 5.9717 6.8348 9.5469 10.6458
23000 15.6349 9.2150 13.4810 11.2102 10.9057 15.1156 4.9675 6.0346 6.7645 9.3644 10.2582
24000 15.2108 9.0101 14,1413 12.0354 10.7309 14.6135 4.9675 6.1055 6.70M 9.1904 9.9124
25000 14.7744 8.8122 14,6307 12.7740 10.5474 14.1659 4.9675 6.1858 6.6621 9.0257 9.5927
26000 14.2520 8.6227 15.0252 13.4413 10.3473 13.6193 4.9675 6.2762 6.6214 8.8590 9.2794
27000 13.7566 8.4462 15.2195 13.9842 10.1472 13.1364 4.9675 6.3772 6.5993 8.7040 9.0093
28000 13.2723 8.2789 15.2650 14.3899 9.9469 12.6787 4.9675 6.4901 6.5925 8.5569 8.7613

8

25000 12.8042 8.1212 15.1723 14.6595 9.7483  12.2482  4.9675 6.6151 6.6024 = 8.4179 .
30000 12.3566 7.9733 14.9566  14.7975 9.5530 11.8451 4.9675 6.7523 6.6305 8.2873 8.3307
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Output from DRIVER1A/DRIVERIS program (continued)

ENTHALPY, H
1
CAL /GM-MOLE

T, K m o2 N (o] N NO+ E- N O+ N2+ Q2+

.1650E+05 6.3012E+04 2.6756E+04 2.4246E+05 3.4864E+03 4.5307E+05 3.7833E+05 3.7008E+0S 2.8556E+05
. 1898L+05 6.5439E+04 3.0927E+04 2.4651E+05 S.9701E+03 4.5558E+05 3.8081E+05 3.7416E+05 2.8973E+05
.2147E+05 6.7928E+04 3.5259E+04 2.5074E+05 8.4539E+03 4.5806E+05 3.8330E+05 3.7852FE+05 2.9407E+05
.2395E+05 7.0417E+04 3.9678E+04 2.5508E+05 1.0938E+04 4.6054E+05 3.8578E+05 3.8317E+05 2.9851E+05
.2644F+05 7.2914E+04 4.4140E+04 2.5948E+05 1,3421+04 4.6303E+05 3. 8B826E+05 3.8807E+05 3.0299E+05
.2897E+05S 7.5425E+04 4.8625E+04 2.6393E+05 1.5905E+04 4.6555E+05 3,9075E+05 3.9319E+05 3.0750E+05
.3155E+05 7.7957E+04 5.3130E+04 2.6841E+05 1.8380E+04 4.6809E+05 3.9324E+05 3.9848E+05 3.1203E+05
.3419E+05 8.0516E+04 5.7665E+04 2.7250E+05 2.0873E+04 4.706TE+05 3.9575E+05 4.0388E+05 3.1658E+05
.3694F+05 8.3106E+04 6.2245E+04 2.7742E+05 2.33560+04 4.7327E+05 3.9828F+05 4.0936E+05 3.2118E+05
.3980E+05 B.5728E+04 6.6884E+04 2.8197E+05 2.5840E+04 4.7589E+0S 4.0086E+05 4.1485E+05 3.2586E+05
.4280E+05 8.8430E+04 7.1591E+04 2.8657E+05 2.8324E+04 4 7855E+05 4.0349E+05 4.2033F+05 3.3061E+05

9

9

1000 5.1502E+03 5.5667E+03
1500 9.1846E+03 9.9682E+03
2000 1.3409E+04 1.4410E+04
2500 1.7746E+04 1.8995E+04
3000 2.2151E+04 2.3701E+04
3500 2.6596E+04 2.8512E+04
4000 3.1064E+04 3.3421E+04
4500 3.5549E+04 3.8424E+04
5000 4.0050E+04 4.3521E+04
5500 4.4571E+04 4.8708F+04
6000 4.9175E+04 5.3909E+04

6500 5.3788E+04 5.9186E+04 1.4594E+05 9.1170E+04 7.6377E+04 2.9123E+05 3.0808FE+04 4.8124F+05 4, 0615F+05 4.2577E+05 3.3550E+05

B e o e bk bk ok b bk ek bk bbb bk bed e b b eh hoA bk e A bt b b b hed

7000 5.8360E+04 6.4604E+04 1.4916E+05 9.3861E+04 8.1218E+04 2.9594E+05 3.3291E+04 4.8394E+05 4.0893E+05 4.3122E+05 3.4064E+05
7500 6.2962E+04 7.0082E+04 1.5248E+05 9.6571E+04 8.6115E+04 3.0073E+05 3.5775E+04 4.8667E+05 4. 1179E+05 4.366TE+05 3.4599E+05
8000 6.7613E+04 7.5612E+04 1.5589E+05 9.9296E+04 9.1069E+04 3.0563E+0S 3.8259E+04 4.8941F+05 4. 1473F+05 4.4212E+05 3.5155E+05
8500 7.2334F+04 8.1184E+04 1.5936E+05 1.0203E+0S 9.6078E+04 3.1068E+05 4.0743E+04 4.9216E+05 4.1777E+05 4,4757E+05 3.5731E+05
9000 7.7146E+04 8.6792E+04 1.6291F+05 1.0478E+05 1.0114E+05 3.1590E+05 4.3226E+04 4.9493E+05 4. 2080E+05 4.5301E+05 3.6328E+05
9500 8.2071E+04 9.2426E+04 1.6651E+05 1. 0755E+05 1.0626E+05 3.2134E+05 4.5710E+04 4.9771E+05 4.2409E+05 4.5844E+05 3.6943FE+(05
10000 8.7134E+04 9.8079E+04 1.7014E+05 1.1031E+05 1.1144E+05 3.2702E+05 4.8194E+04 5.0050E+05 4.2736E+05 4.6386E+05 3.7576E+05
10500 9.2356E+04 1.0374E+05 1.7381E+05 1.1309E+05 1.166TE+05 3.3297E+05 5.0678E+04 5.0330E+05 4.3071E+05 4.6928E+05 3.8225E+05
11000 9.7758E+04 1.0941E+05 1.77506+05 1.1588E+05 1.2196E+05 3.3921E+05 5.3161E+04 5.0611E+05 4.3412E+05 4.7469E+05 3.8838E+05
11500 1.0336E+05 1.1508E+05 1.8120E+05 1.1867E+05 1.2730E+05 3.4575E+05 5.5645E+04 5.0892E+05 4.3759E+05 4.8009E+05 3.956ZE+05
12000 1.0917E+05 1.2073E+05 1.8490E+05 1.2148E+05 1.3269E+05 3.5261E+05 5.8129E+04 5.1174E+05 4.4110E+05 4.8549E+05 4.0246E+05
12500 1.1522E+05 1.2637E+05 1.8861E+05 1.2430E+405 1.3814E+05 3.5976E+05 6.0613E+04 5.1457E+05 4.4466E+05 4.9089E+05 4.0937E+05
13000 1.2149E+05 1.3199E+05 1.9231E+05 1.2714E+05 1.4363E+05 3.6719E+05 6.3096E+04 5.1739E+05 4.4825E+05 4.9628E+05 4,1632E+05
13500 1.2801E+05 1.3758E+05 1.9603E+0S 1.3000E+05 1.4917E+05 3.7488E+05 6.5580E+04 5.2022E+05 4.5187E+05 5.0168E+05 4.2330E+05
14000 1.3476E+05 1.4314E+05 1.9976E+05 1.3290E+05 1.5475E+05 3.8276E+05 6.8064E+04 5.2306E+05 4.5550E+05 5.0706E+05 4.3028E+05
14500 1,4173E+05 1.4866E+05 2.0351E+05 1.3583E+05 1.6038E+05 3.9078E+05 7.0548E+04 5.2589E+05 4.5914E+05 5.1244E+05 4.3723E+05
15000 1.4923E+05 1.5417E+05 2.0735E+05 1.3885E+05 1.6603E+05 3.9884E+05 7.3031E+04 5.2874E+05 4.62791+05 5.1773E+05 4.4413E+05
15500 1.5692E+05 1.5964E+05 2.1133E+05 1.4194E+05 1.7170E+05 4.0711E+0S 7.5515E+04 5.3160E+05 4.6643E+05 5.2299F+05 4.5002E+05
16000 1.6448E+05 1.6503E+05 2.1535E+05 1.4500E+05 1.7739E+05 4.1551E+05 7.7999E+04 5.3446E+05 4. 7007E+05 5.2828E+05 4.5763E+0S
16500 1.7221E+05 1.7038E+05 2.1949E+05 1.4832E+05 1.8310E+05 4.2398E+05 8.0483E«04 5.3732E+0S 4.7370E+05 5.3354E+05 4.6424E+05
17000 1.8007E+0S 1.7567E+05 2.2375E+05 1.5166E+05 1.8881E+05 4,3249E+05 8.2966E+04 5.4020E+05 4.77315+05 §. 3876E+05 4.7073E+05

17500 1.8806E+05 1.8092E+03 2.2817E+05 1.5511E+05 1.9453E+05 4 4103E+05 8.5450F+04 5.4308E+05 4.8091E+05 §.4306E+05 4.7712E+05
18000 1.9614E+05 1.8611E+05 2.3275E+05 1.5870E+05 2. 0025E+05 4 4957E+05 8.7934E+04 5.459TE+05 4.8450E+05 5.4911E+05 4.8340E+05

18500 2.0420E+05 1.9124E+05 2.3750E+05 1.6244E+05 2.0596E+05 4.58005+05 9.0418E+04 5 4887E+05 4.8807E+05 S.5422F+08 4. 8956E+05

19000 2 1248E405 1.9632E+05 2.4245E+05 1.66341+05 2, 1 T66F+05 4.6656L+05 9.2901E+04 5.517RE+05 4.9161E+05 5.5929E+05 4. 9560E+05
19500 2.2071F+05 2.0134E+D5 2 4760F+05 1.7042E+05 2.1735+05 4, 7498E+05 9.5385E+04 5.5460F+05 4.9514F+05 5.6431E+05 5.0153E+05
20000 2.2893F+05 2.0631E+05 2.5296E+05 1.7467E+05 2.2302E+05 4.8331E+05 9.7869E+04 5.5762E+05 4.9865E+05 5.6929E+05 5.073E+05
21000 2.4531E+05 2.1607E+05 2.6333F+05 1.837TE+05 2.342RE+05 4 .9969E+05 1.0284E+05 5.635TFE+05 5. 0560F+05 5. 7912E+05 5. 1863E+05
22000 2.614TE+05 2.2561E+05 2.7659E+05 1.93701:+05 2.4542F+05 5. 1560E+05 1.0780E+05 5.6946F+05 5.1248F+05 5.8876E+05 5.2949E+05
23000 2.7730E+05 2.3493E+05 2.8968E+05 2. 0448E+05 2.5641F+05 5.3098E+05 1.1277E+0S 5.7546E+05 5.1928E+05 5.9821E+05 5.3994E+05
24000 2.9273E+05 2.4404E+05 3.0350E+05 2.1611E+05 2.6722F+05 5.4584E+05 1.1774E+05 5.8153E+05 §5.2601FE+05 6.0749E+05 5.5002E+05 _

!
1
1
25000 3.0773E+05 2.5295E+05 3.1784E+05 2.2849E+05 2. T78TE+05 5.6026E+05 1.2271E+05 5.8767TE+05 5.3270E+05 6.1660E+05 5.597SE+0S
26000 3.2223E+05 2.6166E+05 3.3265E+05 2.415TE+05 2.8831E+05 5.7416E+05 1.2767E+05 5.9390E+05 5.3934E+05 6.2555E+05 5.6914E+05
i
1
1
1

.3264E405 6.0023E+05 5.4595E+05 6.3433E+05 5.7829E+05
-3761E+05 6.0666E+05 5.5254E+05 6.4296E+05 5.8717E+05
.4258E+05 6.1321E+05 5.5914E+05 6.5145E+05 5.9582E+05
.4754E+05 6.1990E+05 5.6575E+05 6.5980E+05 6.0425E+05

27000 3.3623E+05 2.7019E+05 3. 4779E+05 2. 5520E+05 2.9856E+05 5.8754E+05
28000 3.4974E+05 2.7855E+05 3.6304E+05 2. 6949E+05 3.0861E+05 6.0044E+05
29000 3.6278E+05 2.8675E+05 3.7827E+05 2.8403E+05 3.1846E+05 6.1290E+05
30000 3.7536E+05 2.9480E+05 3.9335E+05 2.9877E+05 3.2811E+05 6.249SE+0S
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Output from DRIVER1A/DRIVERIS program (continued)

VISCOSITY, MU
I

GM/CM- SEC
T. K N [0 N ) N N+ E- Ne O+ N+ 2+
1000 3.8731c-04 4.9119¢c-04 4.4761c-04 4.7062¢-04 4.4232¢-04 1.7704e- 06 7.9788¢-09 1.2069¢-06 1.2917¢-06 1.7054¢-06 1.8253¢-06
1500 5.1895¢-04 6.1212¢-04 6.1005¢-04 6.2945¢-04 5.6002¢-04 1.3848¢-06 6.2407¢-09 9.4397¢-07 1.0103¢-06 1.3339¢-06 1.4277¢-06
2000 6.4127¢-04 7.2251¢-04 7.6176¢-04 7.7687c-04 6.6807c-04 1.8817¢c-06 8.4804c-09 1.2827c-06 1.3729¢-06 1.8127¢-06 1.9400c-06
2500 7.5742¢-04 8.2621c-04 9.0620e-04 9.1674¢-04 7.699%¢-04 2.6015¢-06 1.1724e-08 1.7734¢-06 1.8980c-06 2.5060¢-06 2.6821e-06
3000 8.6908¢-04 9.2521¢-04 1.0452¢-03 1.0511¢-03 8.6760¢-04 3.5033¢-06 1.5788¢-08 2.3881¢-06 2.5559¢-06 3.3747¢-06 3.6118¢-06
3500 9.7727¢-04 1.0207¢-03 1.1801c-03 1.1812¢-03 9.6197¢-04 4.5805¢-06 2.0643¢-08 3.1224¢-06 3.3418e-06 4.4124¢-06 4.7223¢-06
4000 1.0827¢-03 1.1133¢-03 1.3114¢-03 1.3079¢-03 1.0538¢-03 5.8333¢-06 2.6289%¢-08 3.9764¢-06 4.2558¢-06 5.6192¢-06 6.0140¢-06
4500 1.1857¢-03 1.2038¢-03 1.4399¢-03 1.4318¢-03 1.1436¢-03 7.2639¢c-06 3.2736¢-08 4.9516¢-06 5.2995¢-06 6.9972c-06 7.4888¢c-06
5000 1.2868e-03 1.2924¢-03 1.5659¢-03 1.5532¢-03 1.2317¢-03 §.8748¢c-06 3.9996c-08 6.0497¢-06 6.4748¢-06 8.5490e-06 9.1496¢-06
5500 1.3862¢-03 1.3794¢-03 1.6897¢-03 1.6726e-03 1.3183¢-03 1.0669¢-05 4.8081¢-08 7.2728¢-06 7.7837¢-06 1.0277¢-05 1.0999¢-05
6000 1.4841¢-03 1.4650¢-03 1.8117c-03 1.7902¢-03 1.4038¢-03 1.2649¢-05 5.7005c-08 8.6226¢c-06 9.2284¢-06 1.2185¢-05 1.3041¢-05
6500 1.5807¢-03 1.5495¢-03 1.9319¢-03 1.9061c-03 1.4881e-03 1.4818¢-05 6.6780c-08 1.0101¢-05 1.0811c-05 1.4274¢-05 1.5277¢-05
7000 1.6761e-03 1.6330¢-03 2.0506c-03 2.0206e-03 1.5716e-03 1.7179¢-05 7.7419¢-08 1.1710¢-05 1.2533c-05 1.6548¢-05 1.7711e-05
7500 1.7705¢-03 1.7155¢-03 2.1679¢-03 2.1338¢-03 1.6542¢-03 1.9733¢-05 8.8931¢-08 1.3452¢-05 1.4397¢-05 1.9009¢-05 2.0344e-05
8000 1.8638¢-03 1.7973¢-03 2.283%¢-03 2.2458¢-03 1.7361c-03 2.2485¢-05 1.0133¢-07 1.5327¢-05 1.6404¢-05 2.165%-05 2.3181e-05
8500 1.9563¢-03 1.8783¢-03 2.3988¢-03 2.3568¢-03 1.8173¢-03 2.5435¢-05 1.1463¢-07 1.7338¢-05 1.8556¢-05 2.4501e-05 2.6222¢-05
9000 2.0480c-03 1.9587¢-03 2.5126e-03 2.4668¢-03 1.8979¢-03 2.8586¢-05 1.2883c-07 1.9487¢-05 2.0856¢-05 2.7537¢-05 2.9471¢c-05
9500 2.1390e-03 2.0385¢-03 2.6254¢-03 2.5758¢-03 1.9781c-03 3.1941e-05 1.4395¢-07 2.1774¢-05 2.3303e-05 3.076%9¢-05 3.2930c-05
10000 2.2293¢-03 2.1177¢-03 2.7372¢-03 2.6840¢-03 2.0577¢-03 3.5502¢-05 1.5999c-07 2.4201c-05 2.5901e-05 3.4199%-05 3.6601c-05
10500 2.3189¢-03 2.1965¢-03 2.8482¢-03 2.7915¢-03 2.1369¢-03 3.9270c-05 1.7698¢-07 2.6770c-05 2.8650¢-05 3.7829%¢-05 4.0486¢-05
11000 2.4079¢-03 2.2748¢-03 2.9584¢-03 2.8981e-03 2.2156c-03 4.3248¢-05 1.9491¢-07 2.9481e-05 3.1553¢-05 4.1661e-05 4.4588¢-05
11500 2.4964e-03 2.3527¢-03 3.0678¢-03 3.0041¢-03 2.2940c-03 4.7438¢-05 2.137%¢-07 3.2337¢-05 3.4609¢-05 4.5657¢-05 4.8907¢-05
12000 2.5843¢-03 2.4302¢-03 3.1765¢-03 3.1095¢-03 2.3721¢-03 5.1842¢-05 2.3363¢-07 3.5339¢-05 3.7822¢-05 4.9939%-05 5.3447¢-05
12500 2.6717e-03 2.5074¢-03 3.2844e-03 3.2143¢-03 2.4499¢-03 5.6461¢-05 2.5445¢-07 3.8488c-05 4.1192¢-05 5.4388¢-05 5.8209¢-05
13000 2.7587¢-03 2.5842¢-03 3.3918¢-03 3.3184e-03 2.5273¢-03 6.1297¢-05 2.7624c-07 4.1785¢-05 4.4720¢-05 5.9047¢-05 6.3195¢-05
13500 2.8452¢-03 2.6607¢-03 3.4985¢-03 3.4221¢c-03 2.6045¢-03 6.6352¢-05 2.9903¢-07 4.5231e-05 4.8409¢-05 6.3916¢-05 6.8407¢-05
14000 2.9313¢-03 2.7370c-03 3.6046¢-03 3.5252¢-03 2.6814¢c-03 7.1628¢c-05 3.2281c-07 4.8827¢c-05 5.2258¢-05 6.899%-05 7.3847¢-05
14500 3.0170¢-03 2.8129¢-03 3.7102¢-03 3.6278e-03 2.7581e-03 7.7127¢-05 3.4758¢-07 5.2575¢-05 5.6269¢-05 7.4296¢-05 7.9515¢-05
15000 3.1023e-03 2.8887¢-03 3.8152¢-03 3.7300¢-03 2.8346¢-03 8.2850c-05 3.7338c-07 5.6477¢-05 6.0445¢-05 7.9808¢-05 8.5415¢-05
15500 3.1873¢-03 2.9642¢-03 3.9197¢-03 3.8317¢c-03 2.9109¢-03 8.8798¢-05 4.0018¢-07 6.0531¢-05 6.4784¢-05 8.5538¢-05 9.1548¢-05
16000 3.2719¢-03 3.0395¢-03 4.0237¢-03 3.9330¢-03 2.9870c-03 9.4974c-05 4.2801c-07 6.4741c-05 6.9290c-05 9.1487¢-05 9.7915¢-05
16500 3.3562¢-03 3.1146e-03 4.1273¢-03 4.0339¢-03 3.0629¢-03 1.0138c-04 4.5688¢-07 6.9107¢-05 7.3963¢-05 9.7657¢-05 1.0452¢-04
17000 3.4402¢-03 3.1895¢-03 4.2304¢-03 4.1345¢-03 3.1387c-03 1.0801¢-04 4.8678c-07 7.3630¢-05 7.8803e-05 1.0405¢-04 1.1136¢-04
17500 3.5238c-03 3.2642¢-03 4.3330¢-03 4.2346c-03 3.2143c-03 1.1488¢-04 5.1773¢-07 7.8311¢-05 8.3813e-05 1.1066¢-04 1.1844e-04
18000 3.6072¢-03 3.3387¢-03 4.4353-03 4.3344c-03 3.2897c-03 1.2198¢-04 5.4972c-07 8.3151e-05 8.8993¢-05 1.1750e-04 1.2576e-04
18500 3.6903¢-03 3.4131¢-03 4.5371c-03 4.4339-03 3.3650c-03 1.2932¢-04 5.8278¢-07 8.8151¢-05 9.4345¢-05 1.2457c-04 1.3332¢-04
19000 3.7731c-03 3.4873¢-03 4.6385¢-03 4.5330c-03 3.4402¢-03 1.3689%¢-04 6.1690c-07 9.3312¢-05 9.9868e-05 1.3186e-04 1.4113¢-04
19500 3.8557¢-03 3.5614¢-03 4.7396¢-03 4.6318¢-03 3.5153¢-03 1.4470c-04 6.5209¢-07 9.8635¢-05 1.0557c-04 1.3938e-04 1.4918¢-04
20000 3.9380c-03 3.6354¢-03 4.8403c-03 4.7303¢-03 3.5902¢-03 1.5274¢-04 6.8836¢-07 1.0412¢-04 1.]1144c-04 1.4714e-04 1.5747¢-04
21000 4.1020¢c-03 3.7830¢-03 5.0406c-03 4.9265¢-03 3.7398¢-03 1.6956c-04 7.6416¢-07 1.1559¢-04 1.2371e-04 1.6334c-04 1.7481e-04
22000 4.2650c-03 3.9301¢-03 5.2396c-03 5.1215¢-03 3.8890c-03 1.8735¢-04 8.4433¢-07 1.2771c-04 1.3660c-04 1.8047¢-04 1.9315¢-04
23000 4.4272¢-03 4.0768¢-03 5.4374¢-03 5.3156¢-03 4.0378c-03 2.0612c-04 9.2893¢-07 1.4051c-04 1.5038¢-04 1.9856c-04 2.1251e-04
24000 4.5887¢-03 4.2232¢-03 5.6340c-03 5.5086c-03 4.1864c-03 2.2589¢-04 1.0180c-06 1.5398¢-04 1.6480c-04 2.1760c-04 2.3289¢c-04
25000 4.7494¢-03 4.3692¢-03 5.8295¢-03 5.7008¢-03 4.3347c-03 2.4666¢-04 1.1116e-06 1.6814e-04 1.7996¢e-04 2.3760e-04 2.5430e-04
26000 4.9094¢-03 4.5150c-03 6.0239¢-03 5.8922c-03 4.4827¢-03 2.6844¢c-04 1.2098¢-06 1.8299¢-04 1.9585¢-04 2.5859¢-04 2.7675¢c-04
27000 5.0687¢-03 4.6605¢-03 6.2174e-03 6.0827¢-03 4.6306c-03 2.9124¢-04 1.3125¢-06 1.9853c-04 2.1248¢-04 2.8055¢-04 3.0026¢-04
28000 5.2275¢-03 4.8057¢-03 6.4098¢-03 6.2725¢-03 4.7782¢-03 3.1508¢-04 1.419%¢-06 2.1478¢-04 2.2987¢-04 3.0351e-04 3.2483¢-04
29000 5.3856e-03 4.9508¢-03 6.6014e-03 6.4615¢-03 4.9257¢-03 3.3995¢-04 1.5320e-06 2.3174c-04 2.4802¢-04 3.2747c-04 3.5048¢c-04
30000 5.5432¢-03 5.0957¢-03 6.7921c-03 6.6499¢-03 5.0731c-03 3.6587c-04 1.6489¢-06 2.4941e-04 2.6693¢-04 3.5244e-04 3.7720e-04
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Output from DRIVER1A/DRIVERI1S program (concluded)
THERMAL CONDUCTIVITY, K

1
CAL/CM-SEC-K

T, K N m N o N NO+ E Nt O+ NZ+ QR+
1000 1.6114E-04 1.8257E-04 2.3673E-04 2.1945E-04 1.7298E-04 4.3775E-07 1.0892E-04 6.4427E-07 6.0616E-07 8.1190E-07 8.0274E-07
1500 2.2775E-04 2.3694E-04 3.2486E-04 2.9136E-04 2 3117E-04 5.8146E-07 8.5131E-05 5.0444E-07 4.7701E-07 6.9826E-07 6.704G6E-07
2000 2.8801E-04 2.9856E-04 4,0795E-04 3.5862F-04 2,.8581E-04 9.1030E-07 1.1563E-04 6.9021E-07 6.4343E-07 1.0209E-06 §.1244E-07
2500 3.4322E-04 3.5850E-04 4.8767E-04 4.2290E-04 3.3667C-04 1.3015E-06 1.5982E-04 9.6271E-07 8.9104E-07 1.4931E-06 1.2661E-06
3000 3.9509E-04 4.1460E-04 5.6492E-04 4 8507E-04 3.8440E-04 1.7568E-06 2.1517E-04 1. 3088E-06 1.2132E-06 2.1005E-06 1.7290E-06
1500 4.4501E-04 4.6660E-04 6.4024E-04 5.4566E-04 4.2977E-04 2.2898E-06 2.8128E-04 1.7279E-06 1.6140F-06 2.8423E-06 2.3127E-06
4000 4.9412E-04 5.1509E-04 7.1401E-04 6.0499E-04 4,7346E-04 2.9149E-06 3.5817E-04 2.2216E-06 2. 1009E-06 3.7190E-06 3.0310E-06
4500 5.4339E-04 5.6075E-04 7.8647E-04 6.6330E-04 5.1601E-04 3.6515E-06 4.4596E-04 2.7923E-06 2. 6808E-06 4.7312E-06 3.8981E-06
5000 5.9340E-04 6.0423F-04 8.5783E-04 7.2077E-04 5.5784E-04 4 5177E-06 5.4482E-04 3.4427E-06 3.3612E-06 5.8788E-06 4.9271E-06
$500 6.4488E-04 6.4658E-04 0.2873E-04 7.7754E-04 5.9941E-04 5.5347E-06 6.5491E-04 4.1753E-06 4.1494E-06 7.1610E-06 6.1315E-06
6000 6.9827E-04 6.8797E-04 9.9779E-04 B.3369E-04 6.4101E-04 6.7263E-06 7.7641E-04 4.9926E-06 5.0512E-06 8.5764E-06 7.5207E- 06
6500 7.5S391E-04 7.2028E-04 1.0666E-03 8.8931E-04 6.8283E-04 8.1145E-06 9.0950E-04 5.8972E-06 6.0737E-06 1.0124E-05 9.1072E-06
7000 8.123GE-04 7.7089E-04 1.1347F-03 9.4447E-04 7.2520E-04 9.7331E-06 1.0543E-03 6.8915E-06 7.2229E-06 1.1800E-05 1.0896E-05
7500 8.7399E-04 8.1315E-04 1.2023E-03 9.9921F-04 7.6826E-04 1.1605E-05 1.2111E-03 7.9780E-06 8.5029E-06 1.3604E-05 1.2893E-05
8000 9.3904E-04 8.5650E-04 1.2693E-03 1.0536E-03 8.1222E-04 1.3770E-05 1.3799E-03 9.1588E-06 9.9192E-06 1.5533E-05 1.5106E-05
8500 1.0080E-03 9.0134E-04 1.3358E-03 1.1077E-03 8.5716E-04 1.6260E-05 1.5609E-03 1. 043GE-05 1.1476E-05 1.7583E-05 1.7531E-05
9000 1.0811E-03 9.4798E-04 1.4018E-03 1.1614E-03 9.0336E-04 1.9120E-05 1.7542E-03 1.1813E-05 1.3176E-05 1.9752E-05 2.0174E-05
9500 1.1580E-03 §.9666E-04 1.4674E-03 1.2149E-03 9.5079E-04 2.2393E-05 1.9601E-03 1.3291E-0§ 1.5023E-05 2.2037E-05 2.3025E-05
10000 1.2417E-03 1.0478E-03 1.5326E-03 1.2682E-03 9.9967E-04 2.6117E-05 2.1786E-03 1.4871E-05 1.7019E-05 2.4435E-05 2. .6084E-05
10500 1.3298E-03 1.1016E-03 1.5974E-03 1.3212E-03 1.0501E-03 3.0356E-05 2.4098E-03 1.6558E-05 1.9167E-05 2.6942E-05 2.9351E-05
11000 1.4237E-03 1.1582E-03 1.6619E-03 1.3740E-03 1.1023E-03 3.5156E-05 2.6538E-03 1.8351E.05 2.1467E-05 2.9556E-05 3.2804E-05
11500 1.5236E-03 1.2180E-03 1.7261E-03 1.4267E-03 1.1562E-03 4.0579E-05 2.9109E-03 2.0254E-05 2.3919E-05 3.2272E-05 3.6451E-05
12000 1.6304E-03 1.2813E-03 1.7900E-03 1.4792E-03 1.2120E-03 4.6703E-05 3.1811E-03 2.2269E-05 2.6523E-05 3.5089E-05 4.0268E-05
12500 1.7441E-03 1.3485E-03 1.8536E-03 1.5315E-03 1.2699E-03 5.3584E-05 3.4645E-03 2.4397E-05 2.9279E-05 3.8003E-05 4.4248E-05
13000 1.8655E-03 1.4196E-03 1.9169E-03 1,5836E-03 1.3297E-03 6.1292E-05 3.7612E-03 2.6640E-05 3.2186E-05 4.1010E-05 4.8366E-05
13500 1.9950E-03 1.4955E-03 1.9799E-03 1.6357E-03 1.3920E-03 6.9925E-05 4.0714E-03 2.9000E-05 3.5246E-05 4.4108E-05 5.2628E-05
14000 2.1332E-03 1.5759E-03 2.0427E-03 1.6876E-03 1.4564E-03 7.9565E-05 4.3951E-03 3.1479E-05 3.8450E-05 4.7294E-05 5.7000E-05
14500 2.2807E-03 1.6614E-03 2.1053E-03 1.7394E-03 1.5233E-03 9.0297E-05 4.7324E-03 3.4080L-05 4. 1804E-05 5.0563E-05 6.1477E-05
15000 2.4381E-03 1.7523E-03 2.1677E-03 1.7911E-03 1.5928E-03 1.0222E-04 5.0836E-03 3.6803E-05 4.5297E-05 5.3914E-05 6.6028E-05
15500 2.6060E-03 1.8488E-03 2.2298E-03 1.8427E-03 1.6650E-03 1.1544E-04 5.4485E-03 3.9650E-05 4.8930E-05 5.7344E-05 7.0652E-05
16000 2.7851E-03 1.9522E-03 2.2918E-03 1.8942E-03 1.7400E-03 1.3009E-04 5.8274E-03 4.2624E-05 5.2700E-05 6.0849E-05 7.5315E-05
16500 2.9763E-03 2.0625E-03 2.3535E-03 1.9456E-03 1.8178E-03 1.4 626F 04 6.2204E-03 4.5726E-05 5.6599E-05 6.4427E-05 8.0023E-05

1 1
1
2.
2.

17000 3.180SE-03 2.1794E-03 2.4151E-03_1.9969E-03 -04 6.6275E-03 4 8958E-05 6.0631E-05 6.8075E-05 8.4735E-05
17500 3.3982E-03 2.3043E-03 2.4765E-03 2.0481E-03 F-04"7.0489E 03 5.2322E-05 6_47T83E-05 7. 1790E-05 §.9457E-05
18000 3.6305E-03 2.4374E-03 2.5377E-03 2.0993E-03 304 7. 4845E-03 5. 58!8L 056, 90T03’7 $569E- 05 9.4136E-05
18500 3.8781E-03 2.5790E-03 2.5988F-03 2. 1504E-03 3.04 7.9346E-

19000 4.1423E-03 2.7308E-03 2.6597E-03 2.201 04 8.3991E-03 6.32:85 05 77929105 ,&.,31,1@-,,

19500 4.4244E-03 2.8919E-03 2.7205E-03 2.2524E-03 2.3536F- 048, 3 6,7125E- 05 . 2503T 05 8. 7510

20000 4.7249E-03 3.0642E-03 2.7811E-03 2.303E-03 2.455 7049.372E-03 7.11725-05 8.7210E-05 §.1283E

21000 5.3874E-03 3.4447E-03_2.9019E-03 2.4051E-03 2.671 .8440F.-04 1,0404F-02 7.9692E-05 9,6862E-05 9.9463k

22000 6. 1401E.03 3 8779E.03 3 0223E-03 2 SO6GE-03 2 9054E-03 4.6752E-04 1. 1496E.02 8 .§T91E. 05 1,0682F-04 1.

23000 6.9951E-03 4.3712E-03 3.1421E-03 2.6079E-03 3.1578E-0 _5 6503E-04 1.2648E-02_§.8483E-05 1.1706E-04 1.1638E-04 1.7

22000 7.9661E-03 4.9335E-03 3.26155-03 2.7092E-03 3.4302E-03 6.7915E-04 1.38615-02 1.0878E-04 1.2751E-04 1.2508E-04 [.4345E-04
25000 9. 0679E-03 5.5761E-03 3.3804E-03 2.8102E-03 3.7244E-03 8.1175E-04 1.5135E-02 1.1969E-04 1.3812F-04 1.3393E-04 1.4963E-04
26000 1.0318E-02 6.3091E-03 3.4989E-03 2.9112E-03 4.0424E-03 9.6515E-04 1.6472E-02 1.3124E-04 1.4886L-04 1.4290E-04 1.5506E-04
27000 1.1735E-02 7.1476E-03 3 6171E-03 3.0121E-03 4.3855E-03 1.1420E-03 1.7871E-02 1.4342E-04 1.5968E-04 1.5199E-04 1.5970E-04
28000 1.3341E-02 8.1018E-03 3.739E-03 3.1129E-03 4.7554E-03 1.3451E-03 1.9334E-02 1.5626E-04 1.7054E-04 1.6118E-04 1.6357E-04
25000 1.5160E-02 9.1937E-03 3.8523E-03 3.2136E-03 S.1548E-03 1.5771E-03 2.0861E-02 1.6977E-04 1.8135E-04 1.7046E-04 1 6667E-04
30000 1 J221E-02 1.0441E-02 3.9695E-03 3.3142E-03 5.5858E-03 1.S408E-03 2.2451E-02 1.8395E-04 1.9209E-04 1.7982E-04 1.6899E-04
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Partial output from DRIVER2A/DRIVER2S program

DIFFUSION COEFFICIENT, D

1,7

1000 1.4970e+00 1.6642¢+00 1.6826c+00 2.3252¢+00 2.2928¢+00 7.8085¢-01 2.0482c+00 2.4083c+00 3.

1500 3.0776¢+00 3.

1688¢+00

2000 5.1436e+00 5.0509¢+00

2500 7.6705¢+00 7.
3000 1.0641e+01 9.
3500 1.4043¢+01 1.
4000 1.7864¢+01 1.
4500 2.2097¢+01 1.
S000 2.6733c+01 2.
5500 3.1767¢+01
6000 3.7192¢+01
6500 4.3004¢+01
7000 4.9197e+01
7500 5.5769¢+01
8000 6.2715¢+01
8500 7.0032¢+01
9000 7.7716e+01
9500 8.5766e+01

3.
3.
4,
4,
5.

7.

5.
6.

2900e+00
8724e+00
2788¢+01
6031e+01
9594¢+01
3472e+01

2.7663¢+01

2163e+01
6969¢+01
2079¢+01
7491¢+01
3203¢+01
9215¢+01
5523¢+01
2129¢+01

10000 9.4177e+01
10500 1.0295¢+02
11000 1.1208e+02
11500 1.2156¢+02
12000 1.3139¢+02

4158¢+02

12500
13000
13500
14000

5211e+02
6300e+02
7422402
14500 1.8579e+02
15000 1.9771e+02
15500 2.0996¢+02 1.
16000 2.2255¢+02 1.
16500 2.3549¢+02 1.
17000 2.4875¢+02 2.

1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1.

7.9029¢+01
8.6225¢+01
9.3713¢+01
0150e+02
0957¢+02
1794402
2659¢+02
3554¢+02
4478¢+02
5431e+02
6413¢+02
T424c+02
8464¢+02
9533¢+02
0631e+02

3.2000c+00 4.756%¢+00 4.6414e+00
5.0907¢+00 7.9354c+00 7.6827¢+00

7.
9.
1.
1.
1.
2.

2.7489¢+01

3.
3.
4.
4.
5.
5.
6.
7.
1.
8.
9.
9.

1.
1.
1.
1
1.
1
1
1
1
1

1

3315¢+00
9072¢+00
2806c+01
6020¢+0!
9543¢+01
3367¢+01

1.

1
2
2
3
4
4
1905¢+01 5
6611e+01 6.
1605¢+01 7
6883¢c+01 8
2443¢+01 9
8283c+01 1
4402¢+01 1
0798¢+01 1
7468¢+01 1
4413401 1
1630e+01 1
9118401 1

0688c+02 2.
1490c+02 2.
2320e+02 2.

.3176e+02 2.

4059¢+02 2.

.4969¢+02 2.
.5905¢+02 3.
.6868c+02 3.
.7857e+02 3.
.8872e4+02 3.
.9914e+02 3.

17500 2.6236c+02 2.1758¢+02 2.0982e+02 4.
18000 2.7629¢+02 2.2913¢+02 2.2076c+02 4.
18500 2.9056c+02 2.4098¢+02 2.3197¢+02 4.
19000 3.0517¢+02 2.5311e+02 2.4343¢+02 4.
19500 3.2010c+02 2.6553¢+02 2.5516e+02 5.
20000 3.3536e+02 2.7824¢+02 2.6715¢+02 S.
21000 3.6687c+02 3.0453¢+02 2.9191e+02 5.
22000 3.9969¢c+02 3.3198¢+02 3.1770e+02 6.
23000 4.3380e+02 3.6058¢+02 3.4453¢+02 6.
24000 4.6921c+02 3.9033c+02 3.7240e+02 7.
25000 5.0591e+02 4.2124¢c+02 4.0130e+02 8.
26000 5.4389¢+02 4.5331¢+02 4.3124c+02 8.
7000 5.8314¢+02 4.8654¢+02 4.6220c+02 9.
28000 6.2366e+02 5.2093¢+02 4.9420c+02 1.
29000 6.6544c+02 5.5647c+02 5.2722:402 1.
30000 7.0848¢c+02 5.9318¢+02 5.6128c+02 1.

INTERACTION INDEX
4 5 6 7 8 9 10 11

0171e+00 7.7577¢-01 1.5794e+00

1.4964c+00 4.2178¢+00 4.7814c+00 6.3911¢+00 1.4875¢+00 3.1230c+00

2.3754c+00 7.0611e+00 7.8133¢+00 1.0876c+01 2.3623e+00 5.0953¢+00

1828c+01 1.1381c+01 3.4008e+00 1.0548c+01 1.1465¢+01 1.6417e+01 3.3833+00 7.4733c+00
“6413c+01 1.5710e+01 4.5606c+00 1.4655¢+01 1.5710c+01 2.2976e+01 4.5383¢+00 1.0241¢+01
16726401 2.0651c+01 5.8458¢+00 |.9368c+01 2.0529¢+01 3.0519¢+01 5.8187¢+00 1.3388¢401
(7593¢+01 2.6190c401 7.2493¢+00 2.4672+01 2.5905¢+01 3.9022¢+01 7.2173¢+00 1.6904¢+01
"4165¢+01 3.231%c+01 8.7654e+00 3.0557c+01 3.1825c+01 4.8462¢+01 §.7284e+00 2.0783¢+01
1379401 3.9011e+01 1.0389¢+01 3.7014c+01 3.8280e+01 5.8818e+01 1,0347c+01 2.5018¢+01
19226c+01 4.6274¢+01 1.2116¢+01 4.4035c+01 4,5258¢+01 7.0075e+01 1.2070e+01 2.9604c+01
“T7016+01 5.4095¢+01 1.39a4¢+01 5.1612c4+01 5.2754c+01 8.22166+01 1.3892c+01 3.4537e+01
6797c+01 6.2466c+01 1.5868¢+01 5.9740¢+01 6.0759c+01 9.5228¢+01 1.5811c+01 3.9814e+01
[6509¢+01 7.1383c+01 1.7886¢+01 6.8413c+01 6.9268+01 1.0910e+02 1.7824¢+01 4.5430c+01
|6833¢+01 8.0838¢+01 1.9995c+01 7.7626c+01 7.8274¢+01 1.2382c+02 1.9928¢+01 5.1384¢+01
" 7764¢+01 9.0828c+01 2.2194c+01 8.7376c+01 8.7773¢+01 1.3937e+02 2.2122c+01 5.7672¢+01
[09306+02 1.0135¢+02 2.4479¢+01 9.7656c+01 9.7760c+01 1.5575¢+02 2.4403c+01 6.4292¢+01
21436402 1.1239¢+02 2.6849¢+01 1.0847e+02 1.0823¢+02 1.7295¢+02 2.6769¢+01 7.1242¢+01
13417¢402 1.23960+02 2.9303¢+01 1.1980c+02 1.1918e+02 1.9095¢+02 2.9218¢+01 7.8520e+01
"4749c+02 1.360de402 3.1839e+01 1.3165¢+02 1.30616+02 2.0976e+02 3.1749¢+01 8.6124c+01
(61416402 1.4864c+02 3.4454e+01 1.4403¢+02 1.42516+02 2.2936¢+02 3.4360e+01 9.4053c+01
75920402 1.6175¢+02 3.7148e+01 1.5691c+02 1.5489c+02 2.4974¢+02 3.7050c+01 1.0231¢+02
9101¢+02 1.7538¢+02 39920401 1.7031e+02 1.6773c+02 2.7091+02 3.9818¢+01 1.1088c+02
0669402 1.89506402 4.2768c+01 1.8422¢+02 1.8103e+02 2.9285e+02 4.2662e+01 1.1977¢+02
22956402 2.0413¢+02 4.5691e+01 1.9864e+02 1.9480c+02 3.1555¢+02 4.5581e+01 1.2899¢+02
3979402 2.19266+02 4.8687c+01 2.1357+02 2.09026+02 3.3901e+02 4.8574¢+01 1.3852c+02
§721c402 2.3489¢+02 5.1756c+01 2.2900e+02 2.2371+02 3.6323e+02 5.1640c+01 1.4837¢+02
75216402 2.5102¢+02 5.4897c+01 2.449%¢+02 2.3885¢+02 3.8820e+02 5.4777¢+01 1.5853c+02
9378¢+02 2.6764c+02 5.8109¢+01 2.6136c+02 2.5444c402 4.1392e+02 5.7986e+01 1.6901c+02
12926402 2.8476c+02 6.1391c+01 2.7828e+02 2,7049¢+02 4.4037e+02 6.1265¢+01 1.7981¢402
1264e+02 3.0237e+02 6.4742¢+01 2.9571e+02 2.8699¢+02 4.6756¢+02 6.4613+01 1.9092e+02
5203¢+02 3.2046c+02 6.8161e+01 3.1363¢+02 3.0393¢+02 4.9547c+02 6.8030c+01 2.0234¢+02
T379¢+02 3.3905¢+02 7.1647¢+01 3.3204e+02 3.2132e+02 5.24126+02 7.1514c+01 2.1407¢4+02
9522c+02 3.5812c+02 7.5201c+01 3.5094+02 3.3916c+02 5.5348c+02 7.5065¢+01 2.2612¢402
1722¢402 3.7767c+02 7.8820c+01 3.7034c+02 3.5744c+02 5.8357¢+02 7.8682¢+01 2.3847c+02
3978c+02 3.9771402 8.2505e+01 3.9022c+02 3.76166+02 6.1437c+02 8.2364c+01 2.5114e402
6291402 4.1823c+02 §.6254e+01 4.1059¢+02 3.95326+02 6.4587¢+02 8.6112c+01 2.6411e+02
8660c+02 4.3923¢+02 9.0067e+01 4.3144e+02 4,14926+02 6.7808¢+02 8.9923¢+01 2.7740¢+02
1086¢+02 4,6070c+02 9.3944c+01 4.5278¢+02 4.34960+02 7.1100e+02 9.3799¢+01 2.9099¢+02
3568e+02 4.8266c+02 9.7883¢+01 4.7461c+02 4.5544¢+02 7.4461¢+02 9.7737c+01 3.0489e+02
8700c+02 5.28006+02 1.0595¢+02 5.1970c+02 4.9770c+02 8.13926+02 1.0580c+02 3.3362¢+02
40560402 5.7524c+02 1.1426c+02 5.6672e+02 5.4170c+02 §.8599¢+02 1.1411¢+02 3.6357¢+02
9635¢402 6.2436c+02 1.2281¢+02 6.1565¢+02 5.87420+02 9.6079e+02 1.2266¢+02 3.9475¢+02
5438c4+02 6.7537e+02 1.3159¢+02 6.6648c+02 6.3486e+02 1.0383¢+03 1.3144c+02 4.2715¢+02

1462402 7.2825¢+02
T709c+02 7.8299¢+02
4176¢+02 8.3960e+02
0087¢+03 8.9805¢+02
0777¢+03 9.5835¢+02

1
1
1
1
1
1
1
1
1490¢+03 1.0205¢+03 1

.4061¢+02 7.
.4986e+02 7.
.5933c+02 8.
.6903¢+02 8.
.7895¢+02 9.
.8909e+02 1.

1922e+02 6.8402¢+02 1.
7384e+02 7.3488e+02 1.
3035¢+02 7.8744¢+02 1.
8874e+02 8.4169¢+02 1.
4901c+02 8.9762¢+02 1.
0111e+03 9.5525¢+02 1.

1185¢+03
2013e+03
2868¢+03
3750e+03
4657e+03
5590c+03

1
1
1
1
1
1
1
1
1
1

.4046e+02 4.6076¢+02
.4972e+02 4.9560e+02
.5919e+02 5.3164¢+02
.6890e+02 5.6890c+02
. 7882e+02 6.0737e+02
.8896¢+02 6.4705¢+02
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Partial output from DRIVER2A/DRIVER?2S program (continued)

COLLISION CROSS SECTION, OMEGA (1,1)
1,J

INTERACTION INDEX

1000 3.2966¢+01 2.8706¢+01 2.7434c+01 2.6101¢+01 2.58026+01 8.9354c+0l 2.8370c401 2.3474e+01 2.2391e+01 8 41626401 30722401
1500 2.9458¢+01 2.7696c+01 2.6501c+01 2.3452¢+01 2.3416c+01 8.5660¢401 2.5324c+01 2.1721¢+01 1.9418e+01 8.0636c+01 2.8544e+01
2000 2.7137e+01 2.6751e+01 2.5648¢+01 2.1653¢+01 2.1780e+01 8.3078e+01 2.3298c+01 2.0465e+01 1.7569c+01 7.8171e+01 2,6935¢+01
2500 2.5431e+01 2.5903c+01 2.4888¢+01 2.0308¢+0! 2.0548c+01 8.1098e+01 2.180Se+01 1.9491e+01 1.6266¢+01 7.6282c+01 2.5665¢+01
3000 2.4097¢+01 2.514de+01 2.4211e+0! 1.9244e+01 1.9568c+01 7.9495¢401 2.0634c+01 1.8698c+01 1.5278e+01 7.4753¢+01 2.4615¢+01
3500 2.3011e+01 2.4460c+01 2.3602c+01 1.8369¢+01 1.8758c+0! 7.8152e+01 1.9680c+01 1.8032e+01 1.4494¢+01 7.3472e+01 2.3732¢+01
4000 2.2100e+01 2.3840e+01 2.3051e+01 1.7631e+01 1.8071c+01 7.6997c+0! 1.8879¢+01 1.7459¢+01 1.3849e+01 7,2370c+01 2.2964¢+01
4500 2.1319¢401 2.3274c+01 2.2548¢+01 1.6994e+01 1.7477e+01 7.5985c+01 1.8192¢+01 1.6957¢+01 1.3307e+01 7.1405¢+01 2.2287e+01
5000 2.0639¢+01 2.2755¢+401 2.2086e+01 1.6437e+01 1.6955¢+01 7.5085¢+01 1.7593e+01 1.6512¢+01 1.2841e+01 7.0546e+01 2.1685¢+01
§500 2.0038c+01 2.2275¢+01 2.1660e+01 1.5943e+01 1.6490c+01 7.4276¢+01 1.7063¢+01 1.6112e+01 1.2435e+01 6.9775¢+01 2.1142¢+01
6000 1.9501e+01 2.1829¢+401 2.1264e+01 1.5499e+01 1.6073c+01 7.3541e+01 1.6590c+01 1.5750c+01 1.2076e+01 6.9073+01 2.0648c+01
6500 1.9017¢+01 2.1414e+01 2.0894¢+01 1.5099e+01 1.5694c+01 7.2868e+01 1.6164e+01 1.5419e+01 1.1756e+01 6.8432e+01 2.0197e+01
7000 1.8578¢+01 2.1026c+01 2.0548¢+01 1.4734c+01 1.5349c+01 7.2247¢+01 1.5776¢401 1.5116c+01 1.1468c+01 6.7840c+01 1.9781e+01
7500 1.8175c+01 2.0661e+01 2.0223¢+01 1.4399e+01 1.5031c+01 7.1672e+01 1.5421e+01 1.4835e+01 1.1206e+01 6.7292e+01 1.9396c+01
8000 1.7805e+01 2.0317e+01 1.9917c+01 1.4091c+01 1.4738c+01 7.1136c+01 1,5095¢+01 1.4574e+01 1.0968c+01 6.6781c+01 1.9038e+01
1.3805¢+01 1.4466¢+01 7.063¢+01 1.4793¢+01 1.4331e+01 1.0749c+01 6.6303¢+01 1.8703¢+01
1.3539c+01 1.4212c+01 7.0163¢+01 1.4513c+01 1.4103¢+01 1.0546¢+01 6.5854e+01 1.8390e+01
1.3291e401 1.3974c+01 6.9719¢+01 1.4251c+01 1.3889c+01 1,0359e+01 6.5430c+01 1.8095c+01

i 1

1 1

1 1

1 1

{ 1

1 1

1 1

1 1

t 1

1 1

1 1

1 1

1

8500 1.7463c+01 1.9993¢+01 1.9627¢+01

9000 1.7145¢+01 1,9685¢+01 1.9352e+01

9500 1.6848e+01 1.9393¢+01 1.9092¢+01

.4006c+01 1.3687e+01 1.0184e+01 6.5030e+01 1.7816¢+01
.3776e+01 1.3497c+01 1.0021c+01 6.4650e+01 1.7553e+01
.3560c+01 1.3316c+01 9.8684¢+00 6.4289¢+01 1.7304¢+01
.3355¢+01 1.3145e+401 9.7247¢+00 6.3945¢+01 1.7066¢+01
.3162e+01 1.2982¢+01 9.5893e+00 6.3617c+0! 1.6841e+01
.2978e+01 1.2826¢+01 9.4613¢+00 6.3303¢+01 1.6625¢+01
.2804¢+01 1.2677e+01 9.3401c+00 6.3002e+01 1.6419¢+01
.2637e+01 1.2535¢+01 9.2250¢+00 6.2714e+01 1.6222¢+01
\2479e+01 1.2399¢+01 9.1156c+00 6.2436¢+01 1.6033e+01
.2327¢+01 1.2268¢+01 9.0114c+00 6.2169¢+01 1.5852¢+01
.21826401 1.2142¢+01 8.9120e+00 6.1911e+01 1.5677¢+01

"3038e+01 1.3751e+01 6.9299¢+01
.2839e+01 1.3541c+01 6.8901e+01
.2633¢+401 1.3343e+01 6.8522¢401
.2438e+01 1.3155e+01 6.8161c+01
.2253e+01 1.2977¢+01 6.7817e+01
.2077e+01 1.2808¢+01 6.7487¢+01
.1911e+01 1.2646e+01 6.7171e+01
. 1751e+01 1.2493¢+01 6.6868e+01
.1599¢+01 1.2345¢+01 6.6577e+01
. 1454e+01 1.2204e+01 6.6296e+01
. 1315¢+01 1.2069¢+01 6.6026¢+01

10000 1.6571e+01
10500 1.6310e+01

.9115e+01 1.3843¢+01

1
1 1
1 1
1 1
1 1
1.8851e+01 1.8606c+01
11000 1.6064c+01 1.8598¢+01 1.8379¢+01
11500 1.5832c+01 1.8356c+01 1.8162¢+01
1 1.7954e+01
1 1.7754e+01
1 1.7562¢+01
1 1
1 1
! 1

.7377e+01

12000 1.5613e+01 1.8124e+01
12500 1.5405¢+01 1.7901c+01
13000 1.5207¢+01 1.7688¢+01
13500 1.5018c+01 1.7482¢+01
14000 1.4838c+01 1.7284c+01 1.7199¢+01
14500 1.4666¢+01 1.7093¢+01 1.7027¢+01
15000 1.4501e+01 1.6909¢+01 1.6861¢+01 1. y 01 _6,6026c+01_
15500 1.434%c+01 1.6731c+01 1.6700c+01 1, 1182¢+01 1.1939c+01 6.5765e+D1
16000 1.4191¢+01 1.65586+01 1.6544c+01 1.1053+01 1.1815¢+01 6.5513¢+01 ,
16500 1.4046¢+01 {.630%c+01 T 8353501 1, 0930c+01 1.1693¢+01 8.5265e+01 1.178Te+01 1.17936+01 3.6387c+00 & 1100c+01 1.5192¢+01
17000 1.3906¢+01 1.6230c+01 1.6247c+01 1.0812e+01 1.1579¢+0! 6.5033¢+01 1.1657c+01 1.1684c+0! 8.5550c+D0 6.0963¢+01 1.5041¢+01

1. T. T.8106e+01 I.WWTRW 33%”31 1. IW’G(TW .mﬁ_)’l

2043401 1.2021c+01 B.B189c+00 6.1662c+01 1.5510e+01
.1909¢+01 1.1905¢+01 8.7259e+00 6.1422c+01 1.5348¢+01

TB500 1.9515e+01 1.5714c+01 1.3534c+01 l.(ﬁﬁlerl fpLIo3 31 s. ﬁﬁ +01 T'ﬁl!e_'ﬁ . y . . 0
19000 1.3393¢+01 1.5631e+01 1.5704c+01 1.0378c+01 1.1155¢+01 6.4157e+01 1.1206+01 1.1284e+01 8. 25096400 6. 0131c+01 1.4487¢+01
19500 1.3276¢+01 1.5497e+01 1.5578c+01 1.0278¢+01 1.1057c+01 6.3954¢+01 1.1103c+01 1.1192c+D1 8. [816¢+00 5. 5938e+01 1.4359¢+01
.5356c+01 1.5455¢+01 1.0182¢+01 1.0963e+01 6.3756c+01 1.1003c+01 1.11026+01 8.1146¢+00 5.9749¢+01 1.4235¢+01
1.50962+01 1,5218c+01 9.9982¢+00 1.0782¢+01 6.3375c401 1.0812e+01 1.093Le+Dl 7.9873¢+00 5.9386e+01 1. 3937401
4849¢+01 '1.4963¢+01 9. . H°6.3013c+01 1.063%+01 1.0769e+01 7.8679¢+00 5., 904; 3772401
.4614¢401 1.4779c+01 9.6620c+00 1.0451c+01 6.2669¢+01 1.0463c+01 1.0616c+01 7.7556c+00 5.8714c+01 1.3559¢+01
.4390¢+01 1.4574c+01 9.5075¢+00 1.0299c+01 6.2340c+01 1.0303+01 1.0470e+01 7.6498¢+00 5.8401e+01 1.3356c+01
.4176¢+01 1.4378c+01 9.3611c+00 1.0154c+01 6.2026c+01 1.0152c+01 1.0331e+01 7.5497¢+00 5.8101e+01 1.3164c+01

1.3971e+0T 1.4191c+01 9.2220e+00 1.0017e+01 6.1724c+01 1.0007e+01 1.0199¢+01 7.4550e+00 5.7815¢+01 1.2980c+01

0 1

25000 1.2193¢+01 1

26000 1.2029¢401 1

27000 1.1873e+01 1.3775¢+01 1.4012¢+01 9.0895¢+00 9.8855¢+00 6.1435¢+01 9.8703c+00 1.0072e+0! 7.3650¢+00 5.753%+01 1.2805¢+01 C -
1
1
1

28000 1.1724e+01

2800 .3587¢401 1.3839¢+01 8.9633e+00 9.7602¢+00 6.1157¢+01 9.7395¢+00 9.9516¢+00 7.2794e+00 5.7275¢+01 1.2637¢+01 .

29000 1.1582¢+01
30000 1.1446¢+01

.3407c+01 1.3673e+0]1 8.8426¢+00 9.6404e¢+00 6.0890e+01 9.6147¢+00 9.8357e+00 7.1979¢+00 5.7020e+01 1.2476¢+01
.3233¢+01 1.3514c+01 8.7273¢+00 9.5256¢+00 6.0632¢+01 9.4953c+00 9.7246¢+00 7.1200c+00 5.6775e+01 1.2322¢+01
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Partial output from DRIVER2A/DRIVER2S program (continued)

COLLISION CROSS SECTION, OMEGA (2,2)
I,7J

INTERACTION INDEX

1000 3.6348¢+01 3.2326e+01 3.0545¢+01 3.1083¢+01 3,0490c+01 2.2176¢+01 3.3592c+01 2.7241e+01 2.6234e+01 2.2575e+01 3.4220e+01

3
1500 3.3241e+01 3.1877e+01 3.0026e+01 2.8129e+01 2.7937¢+01 1.9926e+01 3.0297c+01 2.5397e+01 2.2724e+01 2.0679¢+01 3.2530c+01
2000 3.1073e+01 3.1212e+01 2.9378¢+01 2.6106e+01 2.6150e+01 1.8426c+01 2.8062c+01 2.4045¢+01 2.0549¢+01 1,9351e+01 3.1142+01
2500 2.9421e+01 3.0512c+01 2.8726e+01 2.4584c+01 2.4786¢+01 1.7318¢+01 2.6392c+01 2.2982¢+01 1.9020e+01 1.8337c+01 2.9974e+01
3000 2.8094c+01 2.9828¢+01 2.8103e+01 2.3374e+01 2.3689¢+01 1.6448c+01 2.5070c+01 2.2108¢+01 1.7865¢+01 1.7521e+01 2.8970c+01
3500 2.6991e+01 2.9177¢+01 2.7518e+01 2.2375¢+01 2.2775¢+01 1.5736e+01 2.3983¢+01 2.1367¢+01 1.6948e+01 1.6841¢+01 2.8091e+01
4000 2.6050e+01 2.8564¢+01 2.6970c+01 2.1529e+01 2.1995¢+01 1.5138c401 2.3065¢+01 2.0726¢+01 1.6196e+01 1.6261e+01 2.7311e+01
4500 2.5232c+01 2.7987¢+01 2.6458¢4+01 2.0797c+01 2.1316c+01 1.4625¢+01 2.2273e+01 2.0162e+01 1.5564e+01 1.5756e+01 2.6611¢+01
5000 2.4511c+01 2.7445¢+01 2.5978e+01 2.0155¢+01 2.0717e+01 1.4176e+01 2.1579c+01 1.9659¢+01 1.5022¢+01 1.5310e401 2.5976e+01
5500 2.3867c+01 2.6935¢+01 2.5529¢+01 1.9584e+01 2.0181e+01 1.3779¢+01 2.0963c+01 1.9205¢+01 1.4549¢+01 1.4912e401 2.5396¢c+01
6000 2.3286e+01 2.6454¢+01 2.5105¢+01 1.9071e+01 1.9698¢+01 1.3423e+01 2.0411e+01 1.8793e+01 1 4132401 1.4552¢+01 2.4863e+0]
6500 2.2758¢+01 2.6000e+01 2.4706c+01 1.8606e+01 1.9259¢+01 1.3103e+01 1.9911e+01 1.8416e+01 1.3760e+0]1 1.4226e+01 2.4370¢401
7000 2.2274¢+01 2.5570e+01 2.4329c+01 1.8182¢+01 1.8856¢+01 1.2811e+01 1.9456¢+01 1.8068e+01 1.3426¢+01 1.3926¢+01 2.3911e+01
7500 2.1829¢+01 2.5162e+01 2.3971c+01 1.7793e+01 1.8486e+01 1.2543¢+01 1.9038¢+0! 1.7746c+01 1.3123e+01 1.3650e+01 2.3483¢+01
8000 2.1417e+01 2.4775¢+01 2.3631e+01 1.7433e+01 1.8142¢+01 1.2297c+01 1.8652c+01 1.7446¢+01 1.2846c+01 1.3395e+01 2.3082¢+0]
8500 2.1034c+01 2.4406e+01 2.3308¢+01 1.7099¢+01 1.7823e+01 1.2069¢+01 1.8295e+01 1.7166e+01 1.2592¢+01 1.3157e+01 2.2705e+0]
9000 2.0676e+01 2.4055¢+01 2.3000c+01 1.6789¢+01 1.7524e+01 1.1857e+01 1.7962¢+01 1.6903e+01 1.2357¢+01 1.2935e+01 2.2340¢+01
9500 2.0341e+01 2.3719¢+01 2.2706c+01 1.6498c+01 1.7244e+01 1.1659¢+01 1.7651e+01 1.6655¢+01 1.2140¢+01 1.2727e+01 2.2013e+01
10000 2.0026e+01 2.3397e+01 2.2424c+01 1.6225¢+01 1.6981e+01 1.1473¢+01 1.7360c+01 1.6422¢+01 1.1938c+01 1.2531e+01 2.1694c+01
10500 1.9728e+01 2.3089c+01 2.2154¢+01 1.5968¢+01 1.6733c+01 1.1299¢+01 1.7086¢+01 1.6200c+01 1.1749¢+01 1.2346c+01 2.1390e+01
11000 1.9447c+01 2.2794¢+01 2.1895¢+0]1 1.5726e+01 1.6498¢+01 1.1134c+01 1.6827c+01 1.5991e+01 1.1573e+01 1.2172¢+01 2.1102e+01
11500 1.9181e+01 2.2510e+01 2.1646¢c+01 1.5496¢+401 1.6275e+01 1.0979c+01 1.6582¢+01 1.5791e+01 1.1406e+01 1.2006c+01 2.0826e+01
12000 1.8927c+01 2.2237¢+01 2.1406¢+01 1.5279¢+01 1.6064c+01 1.0832¢+01 1.6350e+01 1.5601e+01 1.1250e+01 1.1849¢+01 2.0563e+01
12500 1.8686e+01 2.1974¢+01 2.1175¢+01 1.5072¢+01 1.5862¢401 1.0692¢+01 1.6130e+01 1.5419¢+01 1.1102e+01 1.169%+01 2.0311e+01
13000 1.8457¢+01 2.1720e+01 2.0953c+01 1.4875¢+01 1.5670c+01 1.0559¢401 1.5920e+01 1.5246e+01 1.0962e+01 1.1556e+01 2.0069¢+01
13500 1.8237c+01 2.1475¢+01 2.0738e+01 1.4687¢+01 1.5486e+01 1.0432¢+01 1.5720c+01 1.5079¢+01 1.0829¢+01 1.1420e+01 1.9837¢+01
14000 1.8027¢+01 2.1239e+01 2.0530e+01 1.4508¢+01 1.5311e+01 1.0311e+01 1.5529¢+01 1.4920c+01 1.0702¢+01 1.1289¢+01 1.9614¢+01
14500 1.7826¢+01 2.1010c+01 2.0329¢+01 1.4336c+01 1.5142¢+01 1.0195¢+01 1.5346¢+01 1.4767¢+01 1.0582¢+01 1.1164e+01 1.9399¢+01
15000 1.7633¢+01 2.0789¢+01 2.0135e+01 1.4171e+01 1.4980c+01 1.0085¢+01 1.5171e+01 1.4619¢+01 1.0467e+01 1.1043e+01 1.9192e+01
15500 1.7447¢+01 2.0575e+01 1.9946¢+01 1.4013e+01 1.4825¢+01 9.9783c+00 1.5002¢+01 1.4477¢+01 1.0357¢+01 1.0928e+01 1.8992¢+01
16000 1.7268¢+01 2.0367c+01 1.9763¢+01 1.3861c+01 1.4675¢+01 9.8761c+00 1.4841e+01 1.4341e+01 1.0252¢+01 1.0817e+01 1.8799e+01
16500 1.7096¢+01 2.0166e+01 1.9586¢+0]1 1.3715¢+01 1.4531e+01 9.7779¢+00 1.4686c+01 1.4208c+01 1.0152¢+01 1.0710e+01 1.8613e+01
17000 1.6930¢+01 1.9970e+01 1.9414e+01 1.3574¢+01 1.4392¢+01 9.6833¢+00 1.4536¢+01 1.4081¢+01 1.0055¢+01 1.0606c+01 1.8432¢+01
17500 1.6770c+01 1.9780e+01 1.9246e+01 1.3438¢+01 1.4258¢+01 9.5922e+00 1.4392¢+01 1.3958e+01 9.9622¢+00 1.0507¢+01 1.8258e+01
18000 1.6616e+01 1,9595¢+01 1.9084c+01 1.3307c+01 1.4129¢+01 9.5043¢+00 1.4252¢+01 1.3838e+01 9.8729¢+00 1.0410e+01 1.8088¢+01
18500 1.6466e+01 1.9416e+01 1.8925¢+01 1.3181e+01 1.4003c+01 9.4194¢+00 1.4118e+01 1.3722e+01 9.7870e+00 1.0317e+01 1.7924¢+0!
19000 1.6321e+01 1.9241¢+01 1.8771¢+01 1.3058¢+01 1.3882¢+01 9.3373c+00 1.3988¢+01 1.3610¢+0]1 9.7041¢+00 1.0227c+01 1.7765¢+01
19500 1.6181¢+01 1.9071¢+01 1.8621¢+01 1.2940e+01 1.3764¢+01 9.2579¢+00 1.3862¢+01 1.3501e+01 9.6242¢+00 1.013%+01 1.7610c+01
20000 1.6045¢+01 1.8905¢+01 1.8474e+01 1.2825e+01 1.3650e+01 9.1810c+00 1.3740c+01 1.3396c+01 9.5470¢+00 1.0055¢+01 1.7459¢+01
21000 1.5785¢+01 1.8586¢+01 1.8192c+401 1.2606¢+01 1.3432c40]1 9.0342¢+00 1.3508c+01 1.3193e+01 9.4002¢+00 9.8926e+00 1.7170c+0!
22000 1.5540c+01 1.8282¢+01 1.7923c+01 1.2399c+01 1.3226c+01 8.8960c+00 1.3289c+01 1.3002c+01 9.2626c+00 9.7396c+00 1.6897c+01
23000 1.5308¢+01 1.7993¢+01 1.7666¢+01 1.2204c+01 1.3031c+01 8.7655¢+00 1.3082c+01 §.2820¢+01 9.1332e+00 9.5949¢+00 1.6637¢+01
24000 1.5088¢+01 1.7716e+01 1.7421e+01 1.2019e+01 1.2847c+01 8.6419¢+00 1.2886¢+01 1.2647¢+01 9.0112e+00 9.4576e+00 1.6389¢+01
25000 1.4878e+01 1.7451e+01 1.7186¢+01 1.1844e+01 1.2671¢+01 8.5247e+00 1.2700c+01 1.24826+01 8.8960e+00 9.3271¢+00 1.6153¢+01
26000 1.4679¢+01 1.7197e+01 1.6960c+01 1.1677e+01 1.2504e+01 8.4133¢+00 1.2523¢+01 1.2325¢+01 8.7868¢+00 9.2028¢+00 1.5927¢+01
27000 1.4489¢+01 1.6954¢c+01 1.6744c+01 1.1518c+01 1.2344c+01 8.3072e+00 1.2355¢+01 1.2175¢+01 8.6832¢+00 9.0842¢+00 1.5711e+01
28000 1.4308¢+01 1.6720e+01 1.6536e+01 1.1366e+01 1.2191e+01 B.2059¢+00 1.2195¢+01 1.2031e+01 8.5847c+00 8.9709¢+00 1.5504¢+01
29000 1.4134¢+01 1.6495¢+01 1.6335¢+01 1.1221e+01 1,2045¢c+01 8.1091c+00 1.2041e+01 1.1894c+01 8.4908¢+00 8.8624e+00 1.5306e+01
30000 1.3967c+01 1.6279¢+01 1.6142e+01 1.1083c+01 1.1905¢+01 8.0165¢+00 1.189de+01 1.1761e+01 8.4012¢+00 B8 1.5115¢+01

.7584¢+00
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Partial output from DRIVER2A/DRIVER?2S program (concluded)

COLLISION CROSS SECTION RATIO, B*

1.7
INTERACTION INDEX
T, K 1 2 3 4 5 6 7 ] 9 10 11
1000 1.0905¢+00 1.1137e+00 1.1043¢+00 1.16060+00 1.1478¢+00 1.0668¢+00 1.1616c+00 1.1344e+00 1.1977e+00 1.0666c+00 1.1005¢+00
1500 1.1086e400 1.1288e+00 1.1131e+00 1.1661e+00 1.1526e+00 1.0681c+00 1.1675¢+00 1.1388e+00 1.1719e+00 1.0678e+00 1.1171e+00
2000 1.1200e+00 1.1392e+00 1.1194¢+00 1.1711c+00 1.15686400 1.0691e+00 1.1727¢+00 1.1425¢+00 1.1573e+00 1.0687e+00 1.1281e+00
2500 1.1280c+00 1.1471¢+00 1.1243¢+00 1.1755¢+00 1.1605¢+00 1.0698e+00 1,1774e+00 1,1457e+00 1.1480e+00 1.0694e+00 1.1361e+00
3000 1.1339¢+00 1.1534e+00 1.1283¢+00 1.1795¢+00 1.1638c+00 1.0705¢+00 1.1816c+00 1.1485¢+00 1.1417¢+00 1.0701e+06 1.1422¢+00
3500 1.1385¢+00 1.1586¢+00 1.1317e+00 1.1832¢+00 1.1668¢+00 1.0711¢+00 1.1853¢+00 1.1511+00 1.1373e+00 1.0706c+00 1.1472+00
4000 1.1422¢+00 1.1631e+00 1.1347c+00 1.1866e+00 1.1696e+00 1.0716e+00 1.1888¢+00 1.1534e+00 1.1341¢+00 1.0711e+00 1.1514e+00
4500 1.1453¢+00 1.1670¢+00 1.1374¢+00 1.1897¢+00 1.1721e+00 1.0720e+00 1.1921e+00 1.15556+00 1.1318¢+00 1.0715¢+00 1.1549¢+00
S000 1.1478¢+00 1.1705¢+00 1.1398¢+00 1.1927¢400 1.1745¢+00 1.0724e+00 1.1951e+00 1.1575e+00 1.1302¢+00 1.0719¢4+00 1.1579¢+00
5500 1.1499¢+00 1.1736e+00 1.1419¢+00 1.1954e+00 1.1768c+00 1.0728¢+00 1.1979¢c+00 1.1593¢+00 1.1290c+00 1.0722¢+00 1.1605¢+00
6000 1.1517¢+00 1.1763c+00 1.1439%¢+00 1.1980e+00 1.1789+00 1.0731e400 1.2006c+00 1.1610e+00 1.1282¢+00 1.0725¢+00 1.1629¢+00
6500 1.1532¢+00 1.1789¢+00 1.1457e+00 1.2005¢+00 1.1808c+00 1.0734e+00 1.2031c+00 1.1626¢+00 1.1276e+00 1.0728e+00 1.1649¢+00
7000 1.1546c+00 1.1812¢+00 1.1474c+00 1.2029¢+00 1.1827e+00 1.0737¢+00 1.2055¢+00 1.1642¢+00 1.1273¢+00 1.0731e+00 1.1668¢+00
7500 1.1558e+00 1.1834e+00 1.1490¢+00 1.2051e400 1.1845¢+00 1.0740c+00 1,2078c+00 1.1656e+00 1.1272e+00 1.0734¢+00 1.1685¢+00
8000 1.1568c+00 1.1854c+00 1.1504¢+00 1.2072c+00 1.1863¢+00 1.0743¢+00 1.2100e+00 1.1670e+00 1.12726400 1.0736e+00 1.1700e+00
8500 1.1577¢+00 1.1872¢400 1.1518c+00 1.2093¢+00 1.1879¢+00 1.0745¢+00 1.2121e+00 1.1684¢+00 {.1274¢+00 1.0739¢+00 L.1715¢+00
9000 1.1585¢+00 1.1890e+00 1.1531c+00 1.2113¢+00 1.1895¢+00 1.0748e+00 1.2141c+00 1.1696¢+00 1.1277¢+00 1.0741e+00 1.1727¢+00
9500 1.1591c+00 1.1906e+00 1.1544c+00 1.2132¢+00 1.1910e+00 1.0750¢+00 1.2161e+00 1.1709¢+00 1.1280c+00 1.0743¢+00 1.1739¢+00
10000 1.1598c+00 1.1922e+00 1.1556¢+00 1.2150e+00 1.1925¢+00 1.0752c+00 1.2180c+00 1.1720e+00 1.1284e+00 1.0745¢+00 1.1750¢+00
10500 1.1603e+00 1.1936e+00 1.1567c+00 1.2168c+00 1.1939¢+00 1.0754c+00 1.2198¢+00 1.17320400 1.1289¢+00 1.0747e+00 1.1761c+00
11000 1.1608¢+00 1.1950e+00 1.1578¢+00 1.2185¢+00 1.1953¢+00 1.0756c+00 1.2215¢+00 1.1743¢+00 1.1294¢+00 1.0749+00 1.1770c+00
11500 1.1612¢+00 1.1963¢+00 1.1588¢+00 1.2202+00 1.1966¢+00 1.0758c+00 1.2232e+00 1.1753¢+00 1.1300e+00 1.0751e+00 1.1779e+00
12000 1.1616¢+00 1.1976c+00 1.1598¢+00 1.2218e+00 1.1979¢+00 1.0760c+00 1.2249¢+00 1.1763e+00 1.1306e+00 1.0752¢+00 1.1788¢+00
12500 1.1619¢+00 1.1988¢+00 1.1607¢+00 1.2734¢+00 1.1991c+00 1.0761c+00 1.2265e+00 1.1773e+00 1.1313+00 1.0754¢+00 1.1795¢+00
13000 1.1622¢+400 1.1999¢+00 1.1616e+00 1.2249¢+00 1.2004c+00 1.0763¢+00 1.2280¢+00 1.1783¢+00 1.1319¢+00 1.0756¢+00 1.1803+00
13500 1.1625c+00 1.2010e+00 1.1625¢+00 1.2264e+00 1.2015¢+00 1.0765¢+00 1.2295¢+00 1.1792¢+00 1.1326¢+00 1.0757¢+00 1.1810¢+00
14000 1.1627e+00 1.2021e+00 1.1634e+00 1.2379¢+00 1.2027¢+00 1.0766¢+00 1.2310e+00 1.1802¢+00 1.1334e+00 1.0759¢+00 1.1816c+00
14500 1.1629¢+00 1.2031c+00 1.1642¢+00 1.2293¢+00 1.2038c+00 1.0768c+00 1.23256+00 1.1810e+00 1.1341c+00 1.0760¢+00 1.1822¢+00
15000 1.1630c+00 1.2040c+00 1.1650c+00 1.2307¢+00 1.2049¢+00 1.0769¢+00 1.2330c+00 1.1819¢+00 1.1348c+00 1.0762c+00 1.1828c+00
15500 1.1632c400 1.2050c+00 1.1657¢+00 1.2320e+00 1.2060e+00 1.0771e400 1.2352¢+00 1.1827e+00 1.1356e+00 1.0763e+00 1.1834¢+00
16000 1,1633e+00 1.2059¢+00 1.1665¢+00 1.2334c+00 1.2070e+00 1.0772¢+00 1.2366c+00_1.1836¢+00 1.1364c+00 1.0764¢+00 1.1839e+00
16500 1.1634e+00 1.2067c+00 1.1672c+00 1.2346¢+00 1. 1.0773e+00 1.1844e+00 1.1371¢+00 T.0765c+00 1.1844c+00
17000 1.1635¢+00 1.2076c+00 1.1679%+00 1.2359¢ 1.0775¢+00 526400 1.1379¢+00 1,0767¢+00 1.18
17500 1.1636e+00 1.2084¢+00 1 0 1.2371¢+00 1.2100c+00 1.0776c+00 | 1 7e+00 1.0768c+00 1.1
18000 1.1636¢+00 1,2092¢+00 | 0_1,2384¢+00 0. 1,0777c+00 0_1.1867c+00 1. 1395@99 1.0769¢+00
500 1.1636c+00 1.2099¢+00 1 +00_1.2395e+00 1874c+00 1,1403¢+00 1.07706+00 1.1
19000 1.1637¢+00 1.2107e+00 1.1705¢+00 1. 2407¢+00 1881400 11211400 1.0771c+00 1.
19500 1 16370+00 1.2114+00 1. 17116400 1 3416c+00 1.2137c+00 1.0781¢+00 T 1888c+00 1.1419¢+00 1,0773+00 1.1
20000 1,16372+00 1.2121¢+#00 1.1717e+00 1.2430e+00 1. 21460400 1.0782¢400 1.2463+00 1.1895¢400 1.1427¢+00 1,0774¢+00 1.1 57;@90
21000 1 16366400 T 21346400 1.1720e400 1. 3452e+00 1. 2163c+00 1.0784c+00 1 2485c+00 110006500 1.1434¢+00 T-077%<+00 1. 1880e+00
22000 1.1636c+00 1.2147¢+00 1.1740¢+00 1.2473c+00 1.2179e+00 1.0786e+00 1.2506c+00 1.19220+00 1.1460c+00 1.0778¢+00 1.1886c+00
23000 1.16356+00 1.2159¢+00 1.1750c+00 1.2493¢+00 1.2195c¢+00 1.0788c400 1.2527c+00 1.1934c+00 1.1476c+00 1.0780e+00 1.1892e+00
24000 1.1634¢+00 1.2170c+00 1,1760c+00 1.2513¢+00 1.2211¢+00 1.0790e+00 1.2547e+00 1.1946c+00 1.1492¢+00 1.0781e+00 1.1897¢+00
25000 1.1632e+00 1.2181e+00 1.1770e+00 1.2532c+00 1.2226e+00 1.0792e+00 1.2566c+00 1.1958c+00 1.1508¢+00 1.0783c+00 .1902¢+00
26000 1.1630c+00 1.2191¢+00 1.1779¢+00 1.2551e+00 1.2241e+00 1.0794c+00 172585¢4+00 1.1960e+00 1. 1524¢+00 1.0785¢+00 1.1907¢+00
27000 1.1628¢+00 1.2201e+00 1.1788e+00 1.2569e+00 1.2255e+00 1.0796c+00 1.2603¢+00 1.1980¢+00 1.1540e+00 1.0787¢+00 1.1911e+00
28000 1.16266+00 1,2211e+00 1.1797c+00 1.2586¢+00 1.2268e+00 1.0797e+00 1.2621c+00 1.1991e+00 1.1556e+00 1.0788¢+00 1.1915¢+00
29000 1.1624¢+00 1.2220c+00 1.1805¢400 1.2604e+00 1.22826+00 1.0799¢+00 1.263%+00 1.2001+00 1.1572¢400 1.0790c+00 1.1918+00
30000 1.16226+00 1.2228c+00 1.1813¢+00 1.2620e+00 1.2295¢+00 1.0801e+00 1.2655¢+00 1.2012¢+00 1.1588¢+00 1.0791e+00 1.1922¢+00
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Output from DRIVER3A/DRIVER3S program

LOG OF THE EQUILIBRIUM CONSTANT, LN(K ) FOR N= 1.0E17 PARTICLES/CM3
EQ.R

REACTION NUMBER

1000 -56.8762 -111.2207 -111.2207 -74.7875 -21.4581 -36.4333 -43.2208 -166.9394 -176.5531 -91.5600 -28.5244
1500 -36.1906 -72.0033 -72.0033 -48.5462 -14.6843 -23.4571 .32.4882 -113.6043 -119.5059 -64.5919 -19.5915
2000 -26.0294 -52.5802 -52.5892 -35.6144 -11.3044 -16.9748 -26.9743 -86.9803 -91.0112 -51.0228  -15.1067
2500 -20.1403 -41.2081 -41.2281 -28.0810  -9.3011 -13,1472 -23.4774 -70.9776 -73.8695 -42.7225 -12.3311
3000 -16.3623 -33.8617 -33.8617 -23.2168  -7.9812 -10.6450 -20.9938 -60.2508 -62.3726 -37.0427 -10.4050
3500 -13.7603 -28.7325 -28.7325 -19.8418  -7.0454  -8.8908 -19.1081 -52.5272 -54.0938 -32.8650  -8.9730
2000 -11.8687 -24.9647 -24.9647 -17.3692  -6.3449  -7.5956 -17.6150 -46.6798 -47.8288 -29.6503  -7.8604
4500 -10.4328 -22.0772 -22.0772 -15.4772  -5.7978  -6.6001 -16.3995 -42.0865 -42.9123 -27.0818  -6.9701
5000  -9.3027 -19.7863 -10.7863 -13.9768  -5.3560  -5.8096 -15.3910 -38.3757 -38.0465 -24.9801  -6.2430
5500  -8.3852 -17.9153  -17.9153 -12.7503  -4.9891  -5.1651 -14.5430 -35.3116 -35.6783 -23.2278  -5.6404
6000  -7.6203 -16.3401 -16.3491 -11.7215  -4.6775  -4.6277 -13.8231 -32.7370 -32.9389 -21.7454  -5.1359
6500  -6.9673 -15.0100 -15.0100 -10.8390  -4.4078  -4.1710 -13.2078 ~ -30.5428 -30.6109 -20.4772  -4.7105
7000  -6.3984 -13.8441 -13.8441 -10.0673  -4.1706  -3.7768 -12.6794 -28.6509 -28.6101 -19.3825  .4.3498
7500  -5.8939 -12.8128 -12.8128  -9.3812  -3.9502  -3.4316 -12.2243 -27.0037 -26.8743 -18.4309  -4.0432
8000  -5.4394 -11.8882 -11.8882  -8.7625  -3.7687  -3.1257 -11.8317 -25.5577 -25.3564 -17.5990  -3.7820
8500  -5.0244 -11.0493 -11.0493  -8.1974  -3.5954  -2.8519 -11.4929 -24.2793 -24.0203 -16.8685  -3.5596
9000  -4.6410 -10.2806 -10.2806  -7.6760  -3.43%65  -2.6046 -11.2008 -23.1424 -22.8373 -16.2247  -3.3704
9500  -4.2833  -0.5698  -9.5¢98  -7.1903  -3.2896  -2.3795 -10.9494 -22.1259 -21.7847 -15.6558  -3.2098
10000 -3.9466  -8.9076  -8.9076  -6.7345  -3.1532  -2.1731 -10.7338 -21.2130 -20.8441 -15.1522  -3.0742
10500  -3.6275  -8.2866  -8.2866  -6.3038  -3.0258  -1.9829 -10.5498 -20.3896 -20.0004 -14.7056  -2.9604
11000 -3.3231  -7.7010  -7.7010  -5.8945  -2,9064  -1.8066 -10.3938 -19.6445 -19.2412 -14.3093  -2.8656
11500 -3.0912  -T.1461  -7.1461  -5.5037  -2.7939  -1.6425 -10.2627 -18.9679 -18.5560 -13.9577  -2.7875
12000 -2.7500 -6.6180  -6.6180  -5.1289  -2.6878  -1.4892 -10.1537 -18.3519 -17.9360 -13.6457  -2.7243
12500  -2.4781  -6.1135  -6.1135  -4.7682  -2.5872  -1.3454 .10.0647 -17.789%6 -17.3737 -13.3601  -2.6741
13000 -2.2143  -5.6301  -5.6301  -4.4201  -2.4917  -1.2102  -9.9935 -17.2750 -16.8627 -13.1243  -2.6354
13500  -1.9578  -5.1656  -5.1656  -4.0831  -2.4009  -1.0827  -9.9383 -16.8032 -16.3974 -12.9080  -2.6070
14000 -1.7076  -4.7182  -4.7182  -3.7563  -2.3144  -0.9622  -9.8974 -16.3697 -15.9731 -12.7175  -2.5878
14500  -1.4632  -4.2864  -4.2864  -3.4386  -2.2318  -0.8480  -9.B696 -15.9707 -15.5857 -12.5503  -2.5766
{5000  -1.2240  -3.8688  -3.8688  -3.1294  -2.1529  -0.7398  -9.8535 -15.6029 -15.2313 -12.4042  -2.5726
15500 -0.0896  -3.4644  -3.4644  -2.8279  -2.0773  -0.6369  -9.8479 -15.2632 -14.9068 -12.2773  -2.5749
16000  -0.759  -3.0722  -3.0722  -2.5335  -2.0049  -0.5390  -9.8519 -14.9491 -14.6094 -12.1678  -2.5830
16500  -0.5336  -2.6013  -2.6913  -2.2458  -1.9356  -0.4458  -9.8645 -14.6583 -14.3365 -12.0742  -2.5960
17000 -0.3114  -2.3210 -2.3210  -1.9644  -1.8690  -0.3570  -9.8849 -14.3887 -14.0859 -11.9950  -2.6136
17500  -0.0928  -1.9607  -1.9607  -1.6889  -1.8051  -0.2722  -9.9124 -14.1384 -13.8555 -11.9291  -2.6350

18000 0.1224 -1.6098 -1.6098 -1.4190 -1.7436 -0.1913 -9.9462 -13.9057 -13.6435 -11.8753 -2.6599
18500 0.3345 -1.2678 -1.2678 -1.1543 -1.6846 -0.1140 -9.9858  -13.6893  -13.4483  -11.8325 -2.6879
19000 0.5436 -0.9343 -0.9343 -0.8947 -1.6279 -0.0401  -10.0306 -13.4876 -13.2684  -11.7998 -2.7185
19500 0.7498 -0.6088 -0.6088 -0.6399 -1.5733 0.0305 -10.0801 -13.2996 -13.1025 -11.7765 -2.7518
20000 0.9532 -0.2911 -0.2911 -0.3897 -1.5208 0.0980 -10.1338 -13.1240 -12.9495 -11.7616 -2.7865
21000 1.3521 0.3226 0.3226 0.0976 -1.4216 0.2244 -10.2522 -12.8065 -12.6774 -11.7546 -2.8614
22000 1.7411 0.9091 0.9091 0.5685 -1.3298 0.3400 -10.3828 -12.5278 -12.4447 -11.7738 -2.9413
23000 2.1208 1.4703 1.4703 1.0239 -1.2448 0.4456 -10.5231 -12.2822 -12.2447 -11.8150 -3.0246
24000 2.4915 2.0077 2.0077 1.4648 -1.1660 0.5421  -10.6709 -12.0647 -12.0723 -11.3748 -3.1098
25000 2.8538 2.5228 2.5228 1.8920 -1.0932 0.6301 -10.8245 -11.8710 -11.9229 -11.94% -3.1959
26000 3.2079 3.0168 3.0168 2.3061 -1.0259 0.7100 ~ -10.9822 -11.6976 -11.7926 -12.0379 -3.2818
27000 3.5542 3.4909 3.4909 2.7077 -0.9638 0.7825 -11.1428 -11.5413  -11.6780 -12.1365 -3.3668
28000 3.8929 3.9459 3.9459 3.0973 -0.9066 0.8478  -11.3052 -11.3995 -11.5764 -12.2438 -3.4501

29000 4.2243 4.3828 4.3828 3.4755 -0.8541 0.9066 -11.4685 -11.2608 -11.4854 -12.3581 -3.5313
30000 4.5487 4.8024  4.8024 3.8426 -0.8060 0.9590 -11.6317 -11.1503 -11.4027 -12.477% -3.6098
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Output from DRIVER3A/DRIVER3S program (concluded)

LN (K )

EQ.R

REACTION NUMBER

-2.2160
-1.9843
-1.7688
-1.5664
-1.3750
-1.1929
-1.0189

-0.8521 -
1277826 -17.9580
-12.4%6 -17.2004°

-0.6918
-0.5373
-0.3883
-0.2443
-0.1050
.0299
.1606
L2874
L4104
.5208
6457
.7583
8677
.9741

1780

3708
4673
.5532
L6407
. 8086
9675
1179
2.2602
2.3949
2.5223
2.6427
2.7565
2.8640
2.9654

Nt e 000000000

0775

-77.7368
-55.2638
-43.8698
-36.8025
-31.8981
-28.2515
-25.4148
-23.1387
-21.27117
-19.7157
-18.4032
-17.2864
-16.3297
-15.35062
-14.7949
-14.1791
-13.6455
-13.1831

-148.
-99.
-75.
-61.
-52.
-45.
-40.
-36.
-32.
-30,
-28.
-26.
24,
-3,
-21.
-20.
-19.

"8,

0353
9021
5144
5946
0766
2796
1702
1786
9661
3184
0939
1951
5527
1159
8470
7170
7034
7885

-12.1384  -16.5063
-11.8826 -15.8677
-11.6644  -15.2782
-11.4798 -14.7321
-11.3251  -14.2248
-11.1971 -13,7523
-11.0933  -13.3109
-11.0110  -12.8978
-10.9482  -12.5103
©-10.9029 7 "-12.1481
-10.8734  -11.803})
-10.8582  -11.4795

-10.8558 ~ -11.1738

-10.8650  -10.8844

-10.9140
-10.9518
-10.9973
-11.0497
-11.1726
-11.3156
-11.4746
-11.6462
-11.8273
-12.0155
-12.2087
-12.4051
-12.6032
-12.8016

-10.
-10.
-9,
-9.
-9.
-8.
-8.
-8.
-7.
-7.
-7.
-7.
-6.
-6.

L2757 * -10.883% TTU10.6102
3500

1026
8673
6431
2250
8431
4926
1698
8714
5946
3369
0963
8708
6588

-118.0881
-81.0387
-62.5465
-51.4950
-44 1412
-38.8830
-34.9243
-31.8260
-29.3271
-27.2626
-25.5235
-24.035
-22.7425
-21.6085
-20.6035
-19.7050
-18.8961
-18.162%
“17.4947
-16.8826
-16.3193
-15.7988
-15.3161
-14.8671
-14.4480
-14.0557
-13.6877
-13.3417
-13.0155
-12.7075
-12.4160
-12.1398
-11.8775
-11.6281

"7-11.3906

11,1841

-10.9479

-10.7412

-10.5433

-10.1718
-9.8292
-9.5120
-9.2173
-8.9425
-8.6854
-8.4443

82173

-8.0032
-7.8005

-49.6524
-33.0973
-24.8318
-19.8010
-16.3754
-13.8725
-11.9557
10,4387
-9.2093
-8.1953
-7.3478
-6.6322
-6.0235
-5.5026
-5.0550
-4.6691
-4.3358

-4.0471

37986
-3.5835
-3.3981
-3.2387
-3.1024
-2.9863
-2.8884
-2.8064
-2.7387
-2.6838
-2.6402
-2.6068

FOR N= 1.0E17 PARTICLES/CM3
17 18 19 20
-21.6425  -58.4651  -31.7987 -76.3322
-13.7042  -38.4672 -20.3101 -50.8632
-9.7825  -28.4647 -14.5581  -38.1453
-7.4743 7 -22.3744 11,1670 -30.4344
-5.9604  -18.2313  -8.9606 -25.2093
-4.8893  -15.2107  -7.4249  .21.409]
-4.0873  -12.9044  -6.3019 -18.5094
-3.4596  -11.0862  -5.4485  -16.2201
-2.9506  -9.6193  -4.7796 -14.3670
-1.5257 7 -8.415%6  -4.2418 T-17.8385
-2.1626  -7.4154  -3.8000 -11.5595
-1.8459  -6.5763  -3.4305 -10.4772
-1.5653  -5.8675  -3.1164  -9.5531
-1.3132 -5.2657  -2.8457  -8.7586
-1.0841  -4.7529  -2.6097 -8.0718
-0.8739  -4.3152  -2.4016  -7.4756
-0.6795  -3.9411 = -2.2165  -6.9562
-0.4985  -3.6217  -2.0504  -6.5027
-0.3290  -3.3493  -1.9003  -6.1062
-0.7695 ° 31178 -1.7637 ° -5.75%1
-0.0188  -2.9219  -1.6388  -5.4552
0.1241  -2.7571  -1.5239  -5.1892
0.2600  -2.6198  -1.4178  -4.9568
0.3856 ~ -2.5065  -1.3194  -4.7539
0.5134  .2.4146 -1.2278  -4.5774
0.6320  -2.3416  -1.1423  -4.4244
0.7457  -2.2853  -1.0623  -4.2622
0.8549  -2.2439  -0.9871  -4.1789
0.9599  -2.2157 = -0.9165  -4.0823
70809~ -271993° -0.8499 ~ :4.0007 -
1.1583  -2.1933  -0.7871  -3.9328
1.2521 -2.1967  -0.7277  -3.8770
1.3427  -2.2083 -3.8322 -
1.4302  -2.2273 =~ -0.6183  -3.7973 -
1314 27558 -0.8369 .3.713
1.5962  -2.284]  -0.5200  -3.7533 .
1.6751  -2.3204  .0.4746  -3.7426
17514 -2.3613  -0.4315  -3.7383
1.8253 2.4061 0.3906  -3.7399
1.9657  -2.5056  -0.3147  -3.7584
2.0973 2.6154 0.2464  -3.7937
2.2206 2.7327  -0.1848  -3.8425
2.3361 2.8550  -0.1294  -3.9018
2.4442 2.9803  -0.0799  -3.9692 -
2.5455 3.1070  -0.0357  -4.0425
2640 -3.2337° 0.0035  -4.1201
2.7287  -3.3590  0.0380  -4.2003
2.8113  -3.482] 0.0680  -4.2820
2.8884 3.6021 0.0939  -4.3640
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Table L Constants for Polynomial Curve-fits of Thermodynamic Properties For a Reference State of

208.15% K and 1 atm Pressure with N,, O,, and ¢~ as Reference Elements (300 K < T <

30000 K )i

Species

Ay

Ay

As

Ay

As

As

A,

N,

0,

NO

NO*

NQ—

0.36748E+01
0.32125E +01
0.31811E+01
0.96377E+01
—0.51681F +01

0.36146E+01
0.35949E +01
0.38599E +01
0.34867E +01
0.39620E +01

0.25031E +01
0.24820E +01
0.27480E +01
-0.12280E +01
0.15520E+02

0.28236E +01
0.25421E +01
0.25460F +01
~0.97871E-02
0.16428E +02

0.35887E+01
0.32047E+01
0.38543E+01
0.43309E+01
0.23507F +01

0.35294E+01
0.32152E+01
0.26896E +01
0.59346E+01
~0.51595E +01

0.25000F +01
0.25000E +01
0.25000E +01
0.25000E +01
0.25000E +01

0.27270E +0!
0.27270E +01
0.24990E +01

-0.12081E-02
0.10137E-02
0.89745E 03

—0.25728E 02
0.23337£-02

-0.18598E -02
0.75213E -03
0.32510E-03
0.52384F 03
0.39446E 03

—0.21800E —04
0.69258F -04

—0.39090E -03
0.19268£ -02

-0.38858E-02

-0.89478E 03
-0.27551E-04
—0.59520E 04

0.12450E -02
—0.39313E-02

-0.12479E -02
0.12705E -02
0.23409E-03

-0.58086F —04
0.58643E 03

-0.30342F -03
0.99742E -03
0.13796F -02

-0.13178E-02
0.26290F -02

0.00000E +00
0.00000£ +00

0.00000E +00

0.00000F +00
0.00000F +00

~0.28200L -03
—0.28200£ 03
-0.37250E 05

0.23240E-05
-0.30467E -06
-0.20216E-06
0.33020E-06
-0.12953E-06

0.70814E-05
~0.18732E-06
~0.92131E-08
~0.39123E-07
~0.29506E 07

0.54205E-07
—-0.63065E-07
0.13380E-06
~0.24370E-06
'0.32288E-06

0.83060E-06
~0.31028E£-08
0.27010E-07
-0.16154E-06
0.29840F -06

0.39786E-05
-0.46603E -06
—0.21354E-07
0.28059E -07
-0.31316E-07

0.38544E-06
—0.29030E -06
~0.33985E -06
0.23297E-06
-0.16254E 06

0.00000E +00
0.00000FE +00
0.00000E +00
0.00000E +00
0.00000F +00

0.11050E -06
0.11050E-06
0.11470E-07

—0.63218E-09
0.41091E-10
0.18266E-10

—0.14315E-10
0.27872E 11

-0.68070F -08
0.27913E~10
~0.78684F -12
0.10094F -11
0.739715E-12

—0.56476E-10
0.18387E-10
—0.11910E-10
0.12193E-10

- —0.96053E-11

-0.16837E 09
0.45511E-11
-0.27980F -11
0.80380E-11
-0.81613E-11

-0.28651E-08
0.75007E -10
0.16689E-11

—0.15694EF -11
0.60495E-12

0.10519E 08
0.36925FE-10
0.33776E-10
~0.11733E~10
039381E-11

0.00000£ +00
0.00000£ +00
0.00000E +00
0.00000£ +00
0.00000E +00

-0.15510E~-10
~0.15510E-10
~0.11020F -11

-0.22577E -12
-0.20170E -14
-0.50334E-15

0.20333E-15
-0.21360L-16

0.21628F-11
-0.15774E -14

0.29426F£-16

-0.88718F -17
-0.64209E -17

0.20999E-13
~0.11747E -14
0.33690E-15
—0.19918E 15

0.95472E-16

—0.73205E 13
~0.43681E-15
0.93800E-16
-0.12624E ~15
0.75004E-16

0.63015E-12
-0.42314F -14
—-0.49070E -16
0.24104E-16
-0.40557E -17

-0.727771E-12
—0.15994F -14
—0.10427E-14

0.18402E-15
-0.34311E-16

0.00000F +00
0.00000E +00
0.00000E +00
0.00000E +00
0.00000E +00

0.78470E-15
0.78470E-15
0.30780E-16

-0.10430E +04
—0.10430F +04
—-0.10430E +04
—-0.10430F +04
—-0.10430F +04

—-0.10440F +04
~-0.10440F +04
-0.10440F +04
—0.10440F +04
—0.10440F +04

0.56130E +05
0.56130E +05
0.56130E +05
0.56130E +05
0.56130F +05

0.29150E +05
0.29150F +05
0.29150E +05
0.29150E +05
0.29150E +05

0.97640F +04
0.97640F +04
0.97640F +04
0.97640F +04
0.97640E +04

0.11840F +06
0.11840F +06
0.11840F +06
0.11840E +06
0.11840E +06

-0.74542E +03
—-0.74542F +03
~0.74542F +03
—-0.74542E +03
-0.74542E +03

0.22540E +06
0.22540F +06
0.22540F +06

0.23580E +01
0.43661E +01
0.46264E +01
—0.37587E+02
0.66217E+02

0.43628E+01
0.38353E+01
0.23789E +01
0.48179E+01
0.13985E +01

0.41676E+01
0.42618E+01
0.28720E +01
_ 0.28469E +02
-0.88120E +02

0.35027E +01
0.49203E+01
0.50490E +01
0217T11E+02
-0.94358E +02

0.51497E +01
0.66867E +01
0.31541E+01
0.10735E+00
0.14026E +02

0.37852E+01
0.51508E +01
0.83904E +01
-0.11079E +02
0.65896E +02

-0.11734E +02
-0.11734E +02
—0.11733E +02
-0.11733F +02
~0.11733E +02

0.36450E +01
0.36450E +01
0.49500E +01




04‘

0.23856E +01
0.22286E +01

0.24985E +01
0.25060E +01
0.29440E +01
0.12784E +01
0.12889E +01

0.35498E +01
0.33970E +01
0.33780E+01
0.43942E+01
0.39493E +01

0.32430E +01
0.32430E +01
0.51690E +01
-0.28017E+00
0.20445E +01

0.83495E-04
0.12458E 03

0.11411E-04
—0.14464E -04
-0.41080E -03
0.40866F —-03
0.43343E-03

—0.60810F —03
0.45250E -03
0.86290E 03
0.18868E 03
0.36795E -03

0.11740E -02
0.11740E 02
-0.86200E -03
0.16674E 02
0.10313E-02

-0.58815E-08
—0.87636E -08

-0.29761E-07
0.12446E 07
0.91560E-07

-0.21731E-07

-0.26758E-07

0.14690E -05
0.12720E-06
—-0.12760E-06
-0.71272E-08
~0.26910E -07

—-0.35000E-06
—-0.39000E -06

0.20410E-06
-0.12107E-06
~0.74046E -07
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0.18850E-12
0.26204E-12

0.32247E-10
—0.46858E-11
—0.58480F ~11
0.33252E-12
0.62159E-12

—0.65091E-10
—0.38790E ~10
0.80870E-11
—0.17511E-12
0.67110E-12

0.54370E-10
0.54370E-10
-0.13000E-10
0.32113E-11
0.19257E -11

-0.16120E-17
-0.21674E-17

-0.12376E -13
0.65549E-15
0.11900E-15
0.63160E—-18

~0.45131E-17

~0.35649E -12
0.24590E-14
-0.18800E -15
0.67176E-17
~0.58244E -17

—-0.23920E -14
—0.23920F -14

0.24940E-15
—0.28349E -16
-0.17461E-16

0.22540E +06
0.22540E +06

0.18790E +06
0.18750E +06
0.18790F +06
0.18790F +06
0.18790F +06

0.18260F +06
0.18260F +06
0.18260F +06
0.18260E +06
0.18260F +06

0.14000E +06
0.14000E +06
0.14000E +06
0.14000E +06
0.14000E +06

0.56462F +01
0.67811E+01

0.43864E +01
0.43480F +01
0.17500E +01
0.12761E +02
0.12604E +02

0.36535E+01
0.42050E +01
0.40730E +01
~0.23693E +01
0.65472E+00

0.59250E +01
0.59250E +01
—-0.52960F +01
031013E+02
0.14310E+02

1 The specific enthalpy for a reference state of 0 K and 1 atm pressure can be obtained from the relation
[hi ]Re]rreuced = [hl ]Re[znnced+ (Ah./)o - (Ahlf)298.15+ 298.15 Cp,i
00K 0 298.IS K

where the first term on the right-hand side is obtained from the curve fits given Here. and the second and third terms (which are the
heats of formation at 0 K and 298.15 K, respecctively) are provided in reference 1. Various values of C,; nceded in the above equa-
tion are provided below.

f There are five rows of constants provided for each species which correspond to the following five temperature ranges, respectively.

300K <T <1000 K
1000 K s T <6000 K
6000 K < T < 15000 K
15000 K < T < 25000 K
25000 K < T < 30000 K

For temperatures less than 300 K, the specific heats of 0,0,,N, and N, are practically constant. For such cases, the specific enthalpy
may be obtained from the relation

hi = Cp g (T - Tn[ ) + (Ahlf)T",

with T,y = 298 K and C, o = 5.44 cal/gm-mole-K, C,;..o2 = 7.00 cal/gm-mole-K, C,y = 497 cal/gm-mole-K, C,,Jvz = 6.96
caltgm—-mole -K .
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Table II. Constants for Viscosity Curve Fitst
(1000 K < T < 30000 K)t+

Speciest A, B, Cy,

N, 00203 04329  -11.8153
0, 0.0484 -0.1455 -8.9231
N 0.0120 0.5930 -12.3805
o 0.0205 0.4257 -11.5803
NO 0.0452 -0.0609 -9.4596
NO* 0.0 2.5 -32.0453
e’ 0.0 2.5 -37.4475
N* 0.0 25 -32.4285
o* 0.0 2.5 -32.3606
N# 0.0 2.5 -32.0827
035 0.0 25 -32.0148

t Viscosity is obtained in gm/cm—sec. Notc that all digits in these cocfficients arc significant and
should be used when evaluating the curve fits.  Also, the viscosity should be evaluated using eq. (9) in
the polynomial form of eq. (6) for greater accuracy.

1 For temperatures less than 1000 K, Sutherland’s viscosity law for air may be uscd for all species.

4
f The ionic species viscositics given here are for the limiting clectron pressure p,,, =0.0975 77(—;3—
For different electron pressures, these valucs should be corrected by the formula given in eq. (11) in the
main text.
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Table III. Constants for Frozen Thermal Conductivity Curve Fits §
(1000 K < T < 30000 K)T7

Species} Ak, B, . Ck, Dy, , Ex,,

N, 0.03607 -1.07503 11.95029 -57.90063 93.21782
0, 0.07987 -2.58428 31.25959 -166.76267 321.69820
N 0.0 0.0 0.01619 0.55022 -12.92190
0 0.0 0.0 0.03310 0.22834 -11.58116
NO 0.02792 -0.87133 10.17967 = -52.03466 88.67060
NO* -0.06836 2.57829 -35.72737 219.09215 -519.00261
e 0.0 0.0 0.00032 249375 -27.89805
N* 0.0 0.0 0.03088 2.06339 -31.51368
o* -0.04013 1.32468 -16.22091 89.96782 -208.57442
Ny 0.0 -0.03723 0.84192 -3.55040 -18.65620
03 -0.08373 2.75459 -33.74529 185.13274 -401.50753

+ Thermal conductivity is obtained in cal/cm—sec—K . Notc that all digits in these coefficients are
significant and should be used when evaluating the curve fits. Also, the thermal conductivity should be

evaluated using eq. (10) in the polynomial form of cq. (6) for grcater accuracy.

+t For tcmperatures lower than 1000 K, Sutherland’s law for thermal conductivity of air may be used
for each species.

i The ionic
T
Pom =0.0975 —1—6-3—

. For differcnt electron pressurcs, these values should be corrected by employing

the formula given in eq. (11) in the main text.

ies 4frozen thermal conductivities given here arc for the limiting electron pressure
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Table 1V. Constants for Diffusion Cocflicicnt Curve Fitst

No.TT Interaction Aﬁu’ BD—:'; C D, DD',.,- Temperature
Pair (i-j) Range, Ki
1 N,-N, 0.0 0.0112 16182  -11.3091
2 0,-N, 00 00465 09271 -8.1137
3 0,-0, 0.0 0.0410 1.0023  -8.3597
4 N-N, 00 0.0195 14880  -10.3654
5 N-0, 0.0 0.0179 1.4848  -10.2810
6 N-=N 0.0 0.0033 15572 -11.1616
7 O-N, 0.0 0.0140 1.5824  -10.8819
8 0-0, 0.0 0.0226 1.3700 -9.6631
9 O-N 0.0 -0.0048 19195  -11.9261
10 0-0 0.0 0.0034 15572 -11.1729
11 NO-N, 0.0 0.0291 1.2676 -9.6878
12 NO -0, 0.0 0.0438 0.9647 -8.2380
13 NO-N 0.0 0.0185 1.4882  -10.3301
14 NO-0 0.0 0.0179 14848  -10.3155
15 NO-NO 0.0 0.0364 1.1176 -8.9695
16 NO*-N, 0.0 0.0 19000  -13.3343
17 NO*-0, 0.0 0.0 19001  -13.3677
18 NO*-N 0.0 0.0 1.8999  -13.1254
19 NO*-0 0.0 0.0 19000 -13.1701
20 NO*-NO 0.0 0.0047 1.5552  -11.3713
21 NO*-NO* 0.0000 0.0000 3.5000  -30.3210
22 ¢ =N, -0.1147 2.8045  -23.0085 65.9815
23 e -0, -0.0241 0.3464 0.1136 -1.3848  1000-9000
-0.0029 0.0856 0.6655 -0.8205  9000-30000
24 e -N 0.0 0.0 1.5000 -2.9987
25 e -0 0.0581 -1.5975 154508  -40.7370
26 e —-NO 0.2202 -5.2261 42.0630 -106.0937 1000-8000
0.2871 -8.3759 82.8802 -267.0227  8000-30000
27 e -NO* 0.0000 0.0000 3.5000  -25.2128
28 e —e 0.0000 0.0000 3.5000  -24.8662 :'
29 N*-N, 0.0 0.0 1.9000  -13.1144
30 N*'-0, 0.0 0.0 19000  -13.1357 s
31 N*-N 0.0 0.0033 15572 -11.1616 .
32 N*'-0 0.0 0.0 1.9000  -13.0028
33 N*-NO 0.0 0.0 1.8999  -13.1254
34 N*-NO* 0.0000 0.0000 3.5000  -30.0951
35 NY-e 0.0000 0.0000 3.5000  -25.2128
36 N'-N? 0.0000 0.0000 3.5000  -29.9401
37 O%Y-N, 0.0 0.0 1.9000  -13.1578
38 0%-0, 0.0 0.0 1.9000  -13.1810 -
39 O*-N 0.0 0.0 1.9000  -13.0028
40 o0*-0 0.0 0.0034 15572 -11.1729
41 0*-NO 0.0 0.0 1.9000  -13.1701
42 0*-NO* 0.0000 0.0000 3.5000  -30.1395
43 O*-e” 0.0000 0.0000 3.5000  -25.2128



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66

05 -NO
05 -NO*
05 —e”
0F -N*
0} -0"
03 -N3
03 -07

0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

31

0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0

0.0

0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3.5000
3.5000
1.9000
1.9000
1.9000
1.5000
1.5000
3.5000
3.5000
3.5000
3.5000
3.5000
1.5000
1.9000
1.9000
1.9000
1.9000
3.5000
3.5000
3.5000
3.5000
3.5000
3.5000

-29.9722
-30.0066
-13.3173
-13.3495
-13.1144
-13.1578
-13.3343
-30.3036
-25.2128
-30.0839
-30.1273
-30.2867
-13.3173
-13.3495
-13.1144
-13.1578
-13.3343
-30.3036
-25.2128
-30.0839
-30.1273
-30.2867 .
-30.2867

+ Diffusion coefficients are obtaincd in cm®~atm/sec. Note that all digits in these cocfficients are significant and
should be used when evaluating the curve fits. Also, the diffusion coclficients should be evaluated using eq. (12) in
the polynomial form of eq. (6) for greater accuracy. Diffusion coeflicients obtained from these curve fits are for the

limiting electron pressure p,. =0.0975 -i—gi- .

correcied by the formula given in the main text (eq. (16)) When the interacting pair of species are both jons or elec-
trons or a combination of the two. Note that diffusion cocfficients for N3 and Q3 are taken to be the same.

For different clectron pressures, the cross scctions should be

+1 Cross section Nos. 1-15 are uscd in a 5-specics air model and Nos. 1-28 in a 7-species model.

% The tempcrature range for all curve fits is 1000 <T < 30000 K, except where noted.



Table V. Curve-Fit Constants for Collision Cross Scction,
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11)4
5ot

NO'H' Interaction A gan Bﬁg,l) Cﬁ_(_m) D oD Temperature
[ if i if i B 5 .
Pair (i-j) Range, Ki
1 N,-N, 0.0 -0.0112 -0.1182 4.8464
2 03—N, 0.0 -0.0465 0.5729 1.6185
3 0,-0, 0.0 00410 04977 18302
4 N-N, 0.0 -0.0194 0.0119 4.1055
5 N-0, 0.0 -0.0179 0.0152 3.9996
6 N-N 0.0 -0.0033 -0.0572 5.0452
7 O-N, 0.0 -0.0139 -0.0825 4.5785
8 0-0, 0.0 -0.0226 0.1300 3.3363
9 O-N 0.0 0.0048 -0.4195 5.7774
10 0-0 0.0 -0.0034 -0.0572 4.9901
11 NO -N, 0.0 -0.0251 0.2324 3.2082
12 NO -0, 0.0 -0.0438 0.5352 1.7252
13 NO-N 0.0 -0.0185 0.0118 4.0590
14 NO-0O 0.0 00179 00152 39996
15 NO -NO 0.0 -0.0364 0.3825 2.4718
16 NO*-N, 0.0 0.0 -0.4000 6.8543
17 NO*-0, 0.0 0.0 -0.4000 6.8543
18 NO*-N 0.0 0.0 -0.4000 6.8543
19 NO*-0 0.0 0.0 -0.4000 6.8543
20 NO*-NO 0.0 -0.0047 -0.0551 4.8737
21 NO*-NO* 0.0000 0.0000  -2.0000  23.8237
22 e =N, 0.1147 -2.8945 24.5080 -67.3691 7
23 e -0, 0.0241 -0.3467 1.3887 -0.0110  1000-9000
0.0025 -0.0742 0.7235 -0.2116  95000-30000
24 e =N 00 00 00 16094
25 e-0 0.0164 -0.2431 1.1231 -1.5561  1000-9000
-0.2027 5.6428 -51.5646 155.6091  9000-30000
26 e —-NO -0.2202 5.2265 -40.5659  104.7126  1000-8000
-0.2871 8.3757 -81.3787  265.6292  8000-30000
27 e —-NO* 0.0000 0.0000 -2.0000 23.8237 '
28 e —e” 0.0000 0.0000 -2.0000 23.8237
29 N*-N, 0.0 0.0 04000  6.8543
30 N'-0, 0.0 0.0 -0.4000 6.8543
31 N*=N 0.0 -0.0033 -0.0572 5.0452
32 N*-0 0.0 0.0 -0.4000 6.8543
33 N*-=-NO 0.0 0.0 -0.4000 6.8543
34 N*-NO* 0.0000 0.0000 -2.0000 23.8237
35 N*-e™ 0.0000 0.0000 -2.0000 23.8237
36 N*-N* 0.0000 0.0000 -2.0000 23.8237
37 O0*-N, 0.0 0.0 -0.4000 6.8543
38 0%*-0, 0.0 0.0 -0.4000 6.8543
39 O*-N 0.0 0.0 -0.4000 6.8543
40 0*-0 0.0 -0.0034 -0.0572 4.9901
41 O*-NO 0.0 0.0 -0.4000 6.8543
42 o0*-NO* 0.0000 0.0000 -2.0000 23.8237
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66

Ot-e”
O*-N*
ot-o*
N7 -N,

0} -0
0} -NO
o5 -NO*
05 —-e”
07 -N*
o5 -o0*
03 -N$
03 -05

0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

33

0.0000

0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-2.0000

-2.0000
-2.0000
-0.4000
-0.4000
-0.4000
-0.4000
-0.4000
-2.0000
-2.0000
-2.0000
-2.0000
-2.0000
-0.4000
-0.4000
-0.4000
-0.4000
-0.4000
-2.0000
-2.0000
-2.0000
-2.0000
-2.0000
-2.0000

23.8237
23.8237
23.8237
6.8543
6.8543
6.8543
6.8543
6.8543
23.8237
23.8237
23.8237
23.8237
23.8237
6.8543
6.8543
6.8543
6.8543
6.8543
23.8237
23.8237
23.8237
23.8237
23.8237
23.8237

t Cross sections are obtained in A% 1A2=10"%cm2 Note that all digits in these coefficients arc significant and
should be used when evaluating the curve fits. Also, the collision cross sections should be cvaluated using eq. (13)
in the polynomial form of eq. (6) for greater accugacy. Collision cross sections obtained from these curve fits are

for the limiting electron pressure p,,, =0.0975 %

corrected by the formula given in the main text (eq. (16)} when the interacting pair of species are both ions or elec-

. For different electron pressures, the cross sections should be

trons or a combination of the two. Note that cross sections for N3 and O; are taken to be the same.

1+ Cross section Nos. 1-15 are used in a 5-species air modcl and Nos. 1-28 in a 7-species model.

1 The temperature range for all curve fits is 1000 <T < 30000 K, except where noted.



34

(2.2)

Table VI. Curve-Fit Constants for Collision Cross Section, E_ll-j T
No.TT Interaction A ) B ne C ol D aga I cmperature-
Pair (i-j) - 7 Range, Kt .
1 N,-N, 0.0 -0.0203 0.0683 4.0900 ---
2 03-N, ' 0.0 -0.0558 0.75%0 0.8955
3 0,-0, 00 . -0.0485 0.6475 1.2607
4 N-N, 0.0 -0.0190 0.0239 4.1782
5 N-0, 0.0 -0.0203 0.0730 3.8818
6 N-N 0.0 -0.0118 -0.0960 4.3252
7 O-N, 0.0 -0.0169  -0.0143 44195
&8 0-0, _ 0.0 -0.0247 0.1783 3.2517
9 O-N S 0.0 0.0065  -0.4467 6.0426
10 0-0 ) 0.0 -0.0207  0.0780 3.5658
11 NO-N, 0.0 -0.0385 0.4226 2.4507
12 NO-0, 0.0 -0.0522  0.7045 1.0738 .
13 NO-N 00 _ -00196  0.0478 40321
14 NO-0 , 00  -00203 . 0.0730 3.8818
15 NO-NO 0.0 -0.0453 0.5624 1.7669
16 NO*-N, .00 00  -0.4000 6.7760
17 NO*-0, 00 00 04000 6.7760
18 NO*-N ’ 00 00  -04000 6.7760
19 NO*-0 0.0 0.0 -0.4000 6.7760
20 NO*-NO 00 00 -0.4000 6.7760
21 NO*-NO* 0.0000 0.0000 -2.0000 24.3602
22 e -N, 0.1147 -2.8945 245080  -67.3691 - '
23 -0, ' -0.3467 1.3887 -0.0110 1000-9000 .
-0.0742  0.7235 -0.2116  9000-30000
24 e -N 0.0 . 00 1.6094 -
25 e-0 02431 11231 -1.5561 1000-9000 ..
5.6428  -51.5646  155.6091  9000-30000 -
26 e —-NO 52265  -40.5659  104.7126 1000-8000
8.3757  -81.3787  265.6292 8000-30000
27 e -NO* 0.0000 -2.0000 24.3061
28 e —e 0.0000 -2.0000 24.3061
29 NY-N, 0.0 -0.4000 6.7760
30 N*'-0, 0.0 -0.4000 6.7760
31 N'-N 0.0 -0.4146 6.9078
32 N*-0 0.0 -0.4000 6.7760
33 N*-NO 0.0 -0.4000 6.7760
34 N*-NO* 0.0000 -2.0000 24.3602
35 N'-e” 0.0000 -2.0000 24.3061
36 N'-N? 0.0000 -2.0000 24.3602
37 O*'-N, 0.0 -0.4000 6.7760
38 0%-0, 0.0 -0.4000 6.7760
39 O0*-N 0.0 -0.4000 6.7760
40 0*-0 0.0 -0.4235 6.7787
41 O0*-NO 0.0 -0.4000 6.7760

42 O0*-No* 0.0000 -2.0000 24.3602

FTm—— AT SRR Y o e



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66

Ot—e”
O*-N*
or-o*
N3 =N,

03 -0}

0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

35

0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0
0.0
0.0
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-2.0000
-2.0000
-2.0000
-0.4000
-0.4000
-0.4000
-0.4000
-0.4000
-2.0000
-2.0000
-2.0000
-2.0000
-2.0000
-0.4000
-0.4000
-0.4000
-0.4000
-0.4000
-2.0000
-2.0000
-2.0000

-2.0000

-2.0000
-2.0000

24.3061
24.3602
24.3602
6.7760
16.7760
6.7760
6.7760
6.7760
24.3602
24.3061
24.3602
24.3602
24.3602
6.7760
6.7760
6.7760
6.7760
6.7760
24.3602
24.3061
24.3602
24.3602
24.3602
24.3602

t Cross sections are obtained in A% 142 = 10""%cm2 Note that all digits in these coefficicnts are significant and
should be used when evaluating the curve fits. Also, the collision cross scctions should be evaluated using eq. (14)
in the polynomial form of eq. (6) for greater accuracy. Collision cross scctions obtained from these curve fits are

for the limiting electron pressure p,,, =0.0975 _ITF

corrected by the formula given in the main text when the interacting pair of species are both ions or electrons or a
combination of the two. Note that cross sections for Ny and O3 are taken to be the same.

. For differcnt electron pressures, the cross sections should be

t1 Cross section Nos, 1-15 are used in a 5-species air model and Nos. 1-28 in a 7-species model.

{ The temperature range for all curve fits is 1000 <T < 30000 K, except where noted.
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" Table VII. Curve-Fit Constants for Collision Cross Section Ratio, B,-;T
(1000 K< T < 30000 K)

No.¥T Initcraction A 5 BB‘_; CB»'}
Pair (i-j)
1 N,—N, -0.0073 0.1444 -0.5625
2 0,-N, 00019 0.0602 0.2175
3 0,-0, 0.0001 0.0181 -0.0306
4 N-N, ~0.0043___ -0.0494 0.2850
5 N-0, 00033  -0.0366 02332
6 N-N ~0.0002  0.0002 0.0537
7 O-N, 00042  -0.0471 0.2747
8 0-0, ©0.0024  -0.0245 0.1808
9 O-N 0.0147 -0.2628 1.2943
10 0-0 0.0002 0.0 0.0549
11  NO -N, -0.0045 0.1010 -0.3872
12 NO -0, -0.0010 0.0410 -0.1312
13 NO-N 00038  -0.0425 0.2574
14 NO-0 0.0033 -0.0366 0.2332
15 NO -NO -0.0027 0.0700 -0.2553
16 NO*-N, 0.0 0.0 0.1933
17 NO*-0, 00 00 0.1933
18 NO*-N 0.0 0.0 0.1933
19 NO*-0 0.0 0.0 0.1933
20 NO*-NO 0.0003 -0.0006 0.0632
21  NO*-NO* 0.0 0.0 0.4463
22 e -N, 0.0 0.0 0.0
23 e -0, 0.0 0.0 0.0
24 e =N 0.0 0.0 0.0
25 e -0 0.0 0.0 0.0
26 e -NO 0.0 0.0 0.0
27 e -NO* 0.0 0.0 0.4463
28 e ~-e” 0.0 0.0 0.4463
29 N*'-N, 0.0 0.0 0.1933
30 N*-0, 0.0 0.0 0.1933
31 N*-N 0.0002 0.0002 0.0537
32 NY-0 0.0 0.0 0.1933
33  NY-NO 0.0 0.0 0.1933
34 N*-NO* 0.0 0.0 0.4463
35 Nt-e” 0.0 0.0 0.4463
36 N*'-N* 0.0 0.0 0.4463
37  0O*-N, 0.0 0.0 0.1933
38 0*-0, 0.0 0.0 0.1933
39 O0*-N 0.0 0.0 0.1933
40 0*-0 0.0002 0.0 0.0549
41 0*-NO 0.0 0.0 0.1933
42 0*-NO* 0.0 0.0 0.4463
43 O%-e” 0.0 0.0 0.4463

O*-N* 0.0 0.0 0.4463

ESN
£
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45 o0*-0* 0.0 0.0 0.4463
46 Ni-N, 0.0 0.0 0.1933
47 Ni-0, 0.0 0.0 0.1933
48 N7 -N 0.0 0.0 0.1933
49 NF-0 0.0 0.0 0.1933
50 Nj-NO 0.0 0.0 0.1933
51 Nf-NO* 0.0 0.0 0.4463
52 Nj-e 0.0 0.0 0.4463
53 Nj-N* 0.0 00 04463
54 Nj-0* 0.0 00  0.4463
55 Nj-Nj 0.0 0.0 0.4463
56 0F-N, 0.0 0.0 0.1933
57 03 -0, 0.0 0.0 0.1933
58 0Ff-N 0.0 0.0 0.1933
59 07-0 0.0 0.0 0.1933
60 05 -NO 0.0 0.0 0,1933
61 03 -NO* 0.0 0.0 0.4463
62 0F-e 0.0 0.0 0.4463
63 07 -N* 0.0 0.0 0.4463
64 05 -0" 0.0 0.0 0.4463
65 07 -Nj 0.0 0.0 0.4463
6 0;-0; 00 0.0 0.4463

1 The collision cross-section ratios are dimensionless parameters and are valid as given for all electron pressures.
Note that all digits in these coefficients are significant and should be used when evaluating the curve fits. Also, the
collision cross-section ratio should be evaluated using eq. (15) in the polynomial form of eq. (6) for greater accu-
racy.

t1 Cross section Nos. 1-15 are used in a 5-species air model and Nos. 1-28 in a 7-species model.
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Table VIII. Curve-fit Coefficients for the Equilibrium Constant X, at Differcnt Number Densitiest

Number density, A"w BK‘” CKW DK‘" ) EKm FKW
particles lem®
fReaction I: O,+M,; 2 20+M, :
1014 0.000000E+00 -0.828621E+00 -0.105568E+01  0.151416E+01 -0.107091E+02 -0.307176E +01
10%5 0.000000E+00 -0.719241E+00 —0.135815E+01  0.973802E+00 -0.913167E+01 -0.352942F +01
10'6 0.000000E+00 -0.616239E+00 —0.160998E+01  0.365775E+00 -0.768180E+01 —0.382001E +01
10" 0.000000E +00 ~0.538034E+00 -0.176687E+01 -0.214344E+00 -0.655629E+01 —0.394645E +01
1018 0.000000E +00 —0.481290E+00 —0.183099E+01 -0.828353E+00 —-0.562039E+01 —0.396649E +01
10'? 0.000000E +00 -0.466031E+00 —-0.178672E+01 -0.124877E+01 —-0.515926E+01 —0.392801E +01
Reaction 2: Ny+M, > 2N+M,
101 0.000000E +00 -0.142518£+01 -0.179191E+01 -0.152245SE+00 —-0.172635E+02 —0.777060E +01
103 0.000000E +00 —-0.131460E+01 —0.211364E+01 —0.655486E+00 -0.156315E+02 —0.831884E +01
10!6 0.000000E +00 —0.120533E+01 —0.240055E+01 -0.123908E +01 -0.140810E+02 -0.870302E +01
10" 0.000000E+00 —0.111597E+01 ~0.260376E+01 -0.181730E+01 -0.128199E+02 —0.890679E +01
10!8 0.000000E +00 —0.104068E +01 -0.273172E+01 -0.246330E +01 -0.116894E +02 —0.898864E +01
10" 0.000000E +00 —0.100734E+01 -0.274128E+01 -0.293912E+01 —0.110496E +02 -0.897632E +01
Reaction 3: Np+N 2 2N+N
10 0.000000E+00 -0.142518E+01 =0.179191E+01 -0.152245E+00 —-0.172635E+02 —0.777060E +01
10" 0.000000E +00 —0.131460E+01 —0.211364E+01 —0.655486E+00 —0.156315E+02 —0.831884E +01
10!¢ 0.000000E +00 —0.120533E+01 —0.240055E+01 —0.123908E+01 -0.140810E+02 —0.870302E +01
10" 0.000000E +00 —0.111597E+01 —0.260376E +01 -0.181730E+01 -0.128199E+02 —0.890679E +01
1018 0.000000E +00 —0.104068E +01 —0.273172E+01 —0.246330E+01 —0.116894E+02 —0.898864E +01
10? 0.000000E +00 —0.100734E+01 -0274128E+01 —0.293912E+01 —0.110496E+02 -0.897632E +01
Reaction 4: NO+M; 2 N+O+M,
101 0.000000E +00 ~-0.102874E+01 -0.121018E+01 0.111429E+01 —0.131595E+02 —0.572854E +01
1043 0.000000E +00 —-0.918760E+00 —0.152228E+01  0.592488E+00 —0.115548E+02 -0.623150E +01
10t6 0.000000E +00 -0.812622E+00 -0.179165E+01 —0.332370E-02 —0.100546E+02 —0.656888E +01
107 0.000000E +00 —0.728842E+00 -0.197170E+01 -0.582492E+00 -0.886131E+01 —0.673398E +01
108 0.000000E +00 -0.662823E+00 -0.206774E+01 —0.121250E+01 —0.782813E+01 -0.678492E +01
109 0.000000E +00 —0.638527E+00 -0.205038E+01 —0.166061E+01 —0.727765E+01 -0.675953E+01
Reaction 5: NO+O 2 O,+N
104 0.000000E +00 —0.233168E+00 —0.225679E+00 —0.517639E+00 -0.278006E+01 -0.302215E +01
1013 0.000000E +00 —0.232567E+00 —0.235307E+00 —0.499081E+00 -0.275280E+01 —-0.306745SE +01
10'6 0.000000E +00 —0.229430E+00 -0.252843E+00 —-0.486866E+00 -0.270247E+01 -0.311424E +01
107 0.000000E +00 ~0.223855E+00 —-0.276009E+00 —0.485915E+00 -0.263469E+01 -0.315291E +01
10'8 0.000000E +00 —0.214580E+00 —0.307925E+00 -0.501912E+00 -0.253742E+01 —0.318381F +01
10'° 0.000000E +00 —0.205544E +00 -0.334842E+00 —0.529614E+00 -0.244806E+01 -0.319689E +01

tNotc that all digits in these coefficients are significant and should be used when cvaluating the curve fits. Also, the diffusion
coefficients should be evaluated using eq. (18) in the polynomial form of eq. (6) for greater accuracy.
$Reaction numbers here comespond 1o those given in the text. The third bodies, M;, are defined in ref. 1.
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Number density, A"-q; Bx,,, C,(W Dy,,, Eg,, FKW
particles lcm> B
Reaction 6: N,+O 2 NO+N
101 0.000000E +00 —0.396440E+00 -0.581737E+00 -0.126653E+01 -0.410395E+01 -0.204206E +01
101 0.000000E+00 —-0.395839E+00 —0.591364E+00 -0.124797E+01 -0.407669E+01 -0.208735E +01
10!6 0.000000E+00 —-0.392703E+00 —0.608901E+00 -0.123576E+01 -0.402636E+01 —0.213415E+01
10" 0.000000E+00 —-0.387127E+00 -0.632066E+00 -0.123481E+01 —-0.395858E+01 -0.217281E+01
108 0.000000E+00 -—0.377852E+00 —0.663983E+00 -0.125081E+01 -0.386131E+01 -0.220371E+01
10" 0.000000E+00 —0.368817E+00 —0.690900E+00 -0.127851E+01 —0.377195E+01 -0.221680E +01
Reaction 7: N+O 2 NO*+e™
10 —~0.308374E+00 0.831634E+00 0.276168E+00 —-0.715691E+01 —0.310632E+00 —-0.114489E +02
1013 —0.283546E+00  0.654679E+00  0.483584E+00 -0.641636E+01 -0.179311E+01 —-0.110019E +02
10!¢ —0237256E+00 0.423671E+00  0.557781E+00 —-0.541270E+01 —0.306540E+01 -0.107689E +02
10V —0.180028E+00  0.185513E+00  0.496540E+00 -0.432931E+01 -0.397692E+01 -0.107328E+02
103 —0.110967E+00 -0.668014E-01  0.301396E+00 -0.309083E+01 -0.467007E+01 -0.108375E +02
10? ~0.636990E-01 —0.21860SE+00  0.847459E-01 -0.222625E+01 —0.498783E+01 —0.109694E +02
Reaction 8: O+e™ 2 O*+e+e”
104 —0454142E+00  0.169029E-01 —0.205312E+01 —0.105613E+02 —0.154030E+02 —0.215570F +02
105 —0.442619E+00 —0.930789E-01 -0.182913E+01 —0.103294E+02 ~0.161706E +02 —0.213094FE +02
10'6 ~0410741E+00 -0.261721E+00 -0.170184E+01 —0.984387E+01 -0.168396E+02 -0.212010F +02
10" —~0.368420E +00 —-0.445136E+00 —-0.168076E+01 —0.923660E +01 -0.173180E+02 -0.212121E +02
10'3 —0.319211E+00 -0.634295E+00 —-0.174946E+01 —0.852603E+01 -0.176715E+02 —0.213010E +02
10" —~0289041E+00 -0.737514E+00 -0.184624E+01 -0.805937E+01 -0.178217E+02 -0.213843E+02
Reaction 9: N+e™ 2 N*+e+e™
101 -0474396E+00 0.614580E-02 -0.229468E+01 —0.114334E+02 -0.157101E+02 —0.213937E+02
105 —0474831E+00 —0.654883E-01 —-0.202828E+01 —0.113511E+02 —0.165058E+02 —0.210712E +02
10'6 —0.45327SE+00 —0.204988E+00 —0.185082E+01 —0.109883E+02 -0.172377E+02 —0.208889E +02
107 ~0417456E+00 -0.373700E+00 -0.178585E+01 —0.104515E+02 -0.177927E+02 —0.208436E +02
10'8 —0.370274E+00 —0.564285E+00 —0.182040E+01 —0.975050E+01 -0.182364E+02 —0.208947E +02
10" —0337233E+00 —0.682777E+00 ~0.190692E+01 -0.923376E+01 —0.184523E+02 —0.209704E +02
Reaction 10: 0+0 2 O+e”
10" -0404633E+00  0.587134E+00 -0.944981E-01 —0.965358E+01 -0.601891E+01 —0.157055E +02
101 —0.374219E+00 0.395710E+00  0.797369E-01 —0.884526E+01 —0.744662E+01 —0.153164E +02
10'¢ —0.322759E+00  0.153892E+00  0.114598E+00 —0.778383E+01 -0.864313E+01 —0.151418E +02
10" —0262628E+00 -0.865210E-01  0.179512E-01 —0.667391E+01 —0.947258E+01 —0.151509E +02
10'® —0.194432E+00 —0.327225E+00 —0.205459E+00 -0.545905E+01 -0.100727E+02 -0.152846E +02
10¥° ~0.151657E+00 —0457874E+00 -0.430084E+00 —0.466176E+01 ~0.103232E+02 -0.154195E+02
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Number density, AK‘" BK,.,, CKW DK‘" E,(W F"w
particles /rm 3
Reaction 11: 0+07 2 0,+0*
101 —-0238630E+00 0.672246E+00 -0.312986E+00 -0.443140E+01 —0.566846E+00 —0.341823E+01
109 ~0227108E+00  0.562265E+00 -0.890019E-01 —-0.419943E+01 -0.133444E+01 —-0.317067E+01
1016 -0.195230E+00  0.393622E+00  0.382875E-01 —0.371395E+01 —0.200352E+01 -0.306225E +01
10" ~0.152918E+00  0.210208E+00  0.593682E-01 -0.310667E+01 -0.248187E+01 —0.307338E +01
108 -0.103699E +00  0.210489E -01 -0.933321E-02 -0.239611E+01 -0.283537E+01 —0.316226E +01
10" -0.735291E-01 -0.821705E-01 —0.106106E+00 —0.192945E+01 —0.298555E+01 —0.324557E +01
Reaction 12: N+N* 2 N+N;
10" 0.000000E +00 -0.454093E+00 0.710863E+00  0.878489E+00 -0.551525E+01 -0.128042E 01
10 0.000000E +00 -0.381287E+00  0.446289E+00  0.792372E+00 -0.472167E+01 -0.334316E +00
101 0.000000E +00 —0.299935E+00 0.177941E+00  0.619510E+00 —0.388369E+01 —0.565230F +00
10"’ 0.000000E +00 —-0.227847E+00 —0.380430E-01  0.398254E+00 —0.315226E+01 —0.691244E +00
10'® 0.000000E+00 —0.164537E+00 —0.202432E+00  0.112950E+00 —0.247625E+01 —0.746487E +00
10" 0.000000E +00 —0.135176E+00 —0.255223E+00 -0.112672E+00 —-0.209774E+01 —0.745209E +00
Reaction 13: N+N 2 Nj+e
10" -0.412910E+00  0.821758E+00 —0.287790E-01 —0.982394E+01 —-0.355555E+01 —0.136596E +02
1013 -0.393669E+00  0.659271E+00  0.211819E+00 -0.915117E+01 —0.509279E +01 —0.131548E +02
10'¢ -0.352549E+00 0.439073E+00  0.325352E+00 -0.820528E+01 —0.644087E+01 —0.128633E +02
10" ~0.298223E+00 0.203171E+00  0.299515E+00 -0.714841E+01 -0.743445E+01 —0.127819E +02
101 -0.228297E+00 -0.607538E-01  0.132638E+00 —0.588631E+01 -0.822061E+01 —0.128577E +02
10" -0.176536E 400 —-0.233712E+00 —0.760369E—-01 —0.495445E+01 —0.860561E+01 —0.129867F +02
Reaction 14: 0,+N, 2 NO+NO*+e~
104 -0.23124E+00 -0.711962E+00 —0.192440E+01 -0.662330E+01 -0.158460E +02 —-0.179580F +02
10' -0231244E+00 -0.711962E+00 -0.192440E+01 ~0.662339E+01 —0.158460E+02 —0.179580E +02
10'¢ Z023124E+00 —0.711962E+00 —0.192440E+01 —0.662339E+01 —0.1SBAGOE+02 ~0.179580E +02
10" 0.231243E+00 -0.711962E+00 -0.192440E+01 —0.662339E+01 —0.I58460E+02 —0.179580E +02
108 -0.231244E+00 -0.711962E+00 -0.192440E+01 —0.662339E+01 -—0.158460E+02 —0.179580F +02
10Y° -0.231244E+00 —0.711962E+00 -0.192440E+01 —0.662339E+01 —0.158460E+02 —0.179580F +02
Reaction 15: NO+M, 2 NO*+e™+M,
101 —0.167618E+00 —-0.576804E+00 —0.152748E+01 -0.480246E+01 —0.127771E+02 —0.174947E +02
101 ~0.167618E+00 -0.576804E+00 —0.152748E+01 -0.480246E+01 —0.127771E+02 —0.174947E +02
10'6 ~0.167618E+00 -0.576804E +00 —0.152748E+01 —0.480246E+01 —0.12777T1E+02 —0.174947E +02
10" -0.167618E+00 -0.576804E+00 -0.152748E+01 -0.480246E+01 —0.127771E+02 —0.174947E +02
10" —0.167618E+00 —0.576804E+00 —0.152748E+01 -0.480246E+01 —0.127771E+02 ~0.174947E +02
0% —0.167618E+00 -0.576804E+00 —0.152748E+01 —0.480246E+01 —0.12T1TIE+02 —0.174947E +02
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Number density, Ax,,, Bg,,, Ck,,, Dy,,, Ex,,, Fk,,,
particles/cm®
Reaction 16: O+NO* 2 NO+O*
101 —0287924E+00  0.589931E+00 —0.536001E+00 -0.579812E+01 -0.270809E+01 -0.414258E+01
109 _0276402E+00  0479949E+00 -0.312017E+00 -0.556615E+01 -0.347569E+01 -0.389502E+01
10'6 _0244524E+00  0311307E+00 —0.184728E+00 —-0.508067E+01 -0414477E+01 -0.378660F +01
1017 —0202212E+00  0.127893E+00 —0.163647E+00 —0.447339E+01 -0462312E+01 -0.379773E +01
10'® _0.152993E+00 -0.612664E-01 —0.232348E+00 -0.376282E+01 —0.497662L+01 ~0.388661E +01
10" _0.122823E+00 —0.164486E+00 —0.329121E+00 -0.329617E+01 -0.512679E+01 -0.396992E +01
Reaction 17: N,+O* 2 O+Ny
10' 0.000000E +00 —0.510046E+00  0.404235E+00  0.218493E+00 -0.562846E+01  0.209226F +00
10% 0.000000E +00 —0.431146E+00  0.131669E+00  0.880469E -01 —0.480413E+01 -0.643024E-01
10'6 0.000000E +00 —0.348496E+00 —0.130027E+00 ~0.116570E+00 -0.397810E+01 -0.244581E+00
10 0.000000E +00 —-0.279222E+00 -0.329509E+00 -0.351046E+00 -0.329143E+01 -0.328820E+00
108 0.000000E+00 —0.222833E+00 -0.468329E+00 -0.627963E+00 -0.269560E+01 -0.350877E+00
10" 0.000000E +00 —0.200998E +00 -0.498762E+00 —0.828803E+00 —0.239688E+01 —0.335574E +00
Reaction 18: N+NO* 2 NO+N* -
101 —0306778E+00  0.582950E+00 —0.767203E+00 -0.663096E+01 ~0.293297E+01 -0.389893E +01
10% —0307212E+00 0.511315E+00 -0.500797E+00 —0.654867E+01 —0.372868E+01 -0.357644E +01
10'6 —_0.285656E+00 0371815E+00 -0.323335E+00 —0.618588E+01 —0.446054E+01 —0.339411E+01
10V —0.249838E+00 0203103E+00 —0.258375E+00 —0.564904E+01 -0.501561E+01 -0.334883E+01
108 —0.202656E+00  0.125187E-01 —0.292918E+00 -0.494803E+01 —0.545932E+01 -0.339994E +01
10" _0.16961SE+00 —0.105973E+00 -0.379439E+00 -0.443130E+01 -0.567515E+01 ~-0.347569E +01
Reaction 19: 0,+NO* 2 NO+Oy
101 0.000000E+00 -0.311598E+00 -0.638297E+00 —0.127S61E+01 —0.285932E+01 -0.190026E +01
10% 0.000000E +00 —0.311598E+00 —0.638297E+00 -0.127561E+01 —0.285932E+01 -0.190026E +01
10'6 0.000000E +00 -0.311598E+00 —-0.638297E+00 —0.127561E+01 —0.285932E+01 -0.190026E +01
107 0.000000E+00 —0.311598E+00 -0.638297E+00 —0.127561E+01 -0.285932E+01 -0.190026E +01
1018 0.000000E+00 -0311598E+00 —0.638297E+00 -0.127561E+01 -0.285932E+01 -0.190026E +01
10 0.000000E +00 —0.311598E+00 -0.638297E+00 -0.127561E+01 -0.285932E+01 ~0.190026E +01
Reaction 20: O+NO* 2 O, +N*
101 —0.337408E+00  0.464795E+00 —0.793976E+00 -0.730306E+01 -0.554075E+01 -0.649398E+01
109 —0.332256E+00 0.378693E+00 -0.560752E+00 —0.715299E+01 -0.628170E+01 —-0.622937E +01
10'6 _0.305530E+00  0.228382E+00 —-0.422626E+00 —0.673244E+01 -0.693777TE+01 —0.610550F +01
10" —0.266808E+00 0.574151E-01 —0.393071E+00 ~0.616907E+01 —0.741078E+01 —0.610542E +01
103 _0220492E +00 —0.121550E+00 —0.455881E+00 —-0.549169E+01 -0.776148E+01 -0.618548E +01
10" —0.191944E+00 -0218897E+00 -0.550376E+00 -0.504223E+01 -0.791007E+01 -0.626419E+01
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— Curve fit to Browne data
10 - o Hansen (Ref. 4)
4 Browne (Ref. 3)
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Figure 1. Curve fit to the specific heat values obtamcd by Browne (ref. 3) and comparison
with Hansen’s values (ref. 4).
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o Computed (Ref. 1)
— Curve fit
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Figure 2.  Curve fit to the viscosity of ionized nitric oxide obtained by employing the colli-

sion cross sections from reference 1.
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Figure 3.  Curve fit to the frozen thermal conductivity of diatomic oxygen by employing the
collision cross sections from reference 1.
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Computed : (Ref. 1)
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Figure 4. Curve fits to the computed values from reference 1 of collision integrals, collision

integral ratio, and binary diffusion coefficient for the ion-neutral molecular
interaction NO* & 0,.



46

Present curve-fit

0 —=---- Park's ¢urve-fit (Ref. 11)
——————— Computed (Ref. 1)
O  Exact
5 —
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Figure 5.  Curve fit to the variation of equilibrium constant with temperature for the reaction

N +0 2 NO*+e™ and total number density of 10'8 particles icm3. -
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