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TRANSPORT: A SOFTWARE PACKAGE FOR THE EVALUATION
OF GAS-PHASE, MULTICOMPONENT
TRANSPORT PROPERTIES

ABSTRACT

TRANSPORT is a software package that is used for the evaluation of gas-phase multicomponent
viscosities, thermal conductivities, diffusion coefficients, and thermal diffusion coefficients for CHEMKIN
Applications. The TRANSPORT Property package consists of two parts. The first is a preprocessor that
computes polynomial fits to the temperature-dependent parts of the pure species viscosities and binary
diffusion coefficients. The coefficients of these fits are passed to a library of subroutines via a Linking
File. Then, any subroutine from the TRANSPORT Subroutine Library may be called from a CHEMKIN
Application to return either pure species properties or multicomponent gas mixture properties. The
TRANSPORT Property package interfaces with the CHEMKIN Gas-phase Subroutine Library.
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Figure 1. Schematic representing the relationship of the TRANSPORT package, CHEMKIN, and the |
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Figure 2. Example Use of Command-line Arguments for the TRANSPORT program




NOMENCLATURE

Cx
C, int.
Ck, rot.
Gy rot.

Ck, trans.

é%a;é%SQ;—_L

Specific heat at constant volume of the kth species in mass units
Internal contribution to the mass specific heat of the kth species
Rotational contribution to the mass specific heat of the kth species
Rotational contribution to the molar specific heat of the species
Translational contribution to the molar specific heat of the species
Vibrational contribution to the molar specific heat of the species
Binary diffusion coefficient of species k in species j
Mixture-averaged diffusion coefficient of the kth species
Multicomponent diffusion coefficient of the species k in species j
Thermal diffusion coefficient of the kth species

Enthalpy of the kth species

Diffusive mass flux of the kth species

Species index

Boltzmann Constant

Total number of species

Molecular mass of the kth species

Reduced molecular mass for the collision

Species index for a non-polar species

Species index for a polar species

Pressure

Heat flux

Universal gas constant

Temperature
Reduced temperature of the kth species

Reduced temperature for the collision
Velocity vector

Diffusion velocity of the kth species
Ordinary diffusion velocity of the kth species
Molecular weight of kth species

Thermal diffusion velocity of kth species
Mean molecular weight of a mixture

Mole fraction of the kth species

Mass fraction of the kth species

CGS Units
ergs/(g K)
ergs/(g K)
ergs/(g K)
ergs/(mole K)
ergs/(mole K)
ergs/(mole K)
cm2/sec
cma2/sec
cma2/sec
cm2/sec
ergs/g
ergs/g

ergs/K

dynes/cm?
ergs/(cm? sec)

ergs/(mole K)

cm/sec
cm/sec

cm/sec

g/mole
cm/sec

g/mole




GREEK

CGS Units
ay Polarizability of the kth species A3
aﬁ Reduced polarizability of the kth species
1) Unit tensor in Eq. 37
1) Small number (e.g. 1.E-12)
5; Reduced dipole moment of the kth species
5?k Effective reduced dipole moment for the collison
£ Small number (e.g. 1.E-12)
£k Lennard-Jones potential well depth for the kth species ergs
ik Effective Lennard-Jones potential well depth for the collision ergs
n Mixture viscosity g/(cm sec)
Nk Pure species viscosity of the kth species g/(cm sec)
K Bulk coefficient of viscosity g/(cm sec)
A Thermal conductivity of the gas mixture ergs/(cm K sec)
A Thermal conductivity of the kth species ergs/(cm K sec)
Ao Multicomponent thermal conductivity of the species ergs/(cm K sec)
Uy Dipole moment of the kth species Debye
,u; Reduced dipole moment of the kth species
Hik Effective dipole moment for the collision Debye
Sij Relaxation collision number ---
o Mass density g/cm3
Ok Lennard-Jones diameter A
Ok Effective Lennard-Jones diameter for the collision A
T Momentum flux g/(cm sec?)
(CH Thermal diffusion ratio for mixture-averaged formula
Q Collision integral







1. INTRODUCTION

Characterizing the molecular transport of species, momentum, and energy in a multicomponent gaseous
mixture requires the evaluation of diffusion coefficients, viscosities, thermal conductivities, and thermal
diffusion coefficients. Although evaluation of pure species properties follows standard kinetic theory
expressions, one can choose from a range of possibilities for evaluating mixture properties. Moreover,
computing the mixture properties can be expensive, and depending on the use of the results, it is often
advantageous to make simplifying assumptions to reduce the computational cost.

For most applications, gas mixture properties can be determined from pure species properties via certain
approximate mixture averaging rules. However, there are some applications in which the approximate
averaging rules are not adequate. The software package described here therefore addresses both the
mixture-averaged approach and the full multicomponent approach to transport properties. The
TRANSPORT property program is part of the CHEMKIN Collection and is designed for use with the
CHEMKIN Thermodynamic Database and the CHEMKIN Gas-phase Utility package. The multicomponent
methods are based on the work of Dixon-Lewis? and the methods for mixture-averaged approach are
reported in Warnatz3 and Kee et al.4

The multicomponent formulation has several important advantages over the relatively simpler mixture
formulas. The first advantage is accuracy. The mixture formulas are only correct asymptotically in some
special cases, such as in a binary mixture, or in diffusion of trace amounts of species into a nearly pure
species, or systems in which all species except one move with nearly the same diffusion velocity.® A
second deficiency of the mixture formulas is that overall mass conservation is not necessarily preserved
when solving the species continuity equations. To compensate for this shortcoming one has to apply
some ad hoc correction procedure.® 6 The multicomponent formulation guarantees mass conservation
without any correction factors, which is a clear advantage. The only real deficiency of the
multicomponent formulation is its computational expense. Evaluating the ordinary multicomponent
diffusion coefficients involves inverting a K x K matrix, and evaluating the thermal conductivity and
thermal diffusion coefficients requires solving a 3K x 3K system of algebraic equations, where K is the
number of species.

To maximize computational efficiency, the multicomponent transport package is structured to do large
portion of the calculations in a preprocessor that provides information to the CHEMKIN Application
through a Linking File. Polynomial fits are thus computed a priori for the temperature-dependent parts of
the Kinetic theory expressions for pure species viscosities and binary diffusion coefficients. (The pure
species thermal conductivities are also fit, but are only used in the mixture-averaged formulation.) The
coefficients from the fit are passed to subroutines in the TRANSPORT Subroutine Library, which can be
used to return either mixture-averaged properties or multicomponent properties. With this fitting
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procedure, expensive operations, such as evaluation of collision integrals, are only done once and not
every time a property is needed.

ChapterElof this manual first reviews the kinetic theory expressions for the pure species viscosities and
the binary diffusion coefficients. Section a‘describes how momentum, energy, and species mass fluxes
are computed from the velocity, temperature and species gradients and either mixture-averaged or
multicomponent transport properties. Based on these concepts, Sections@—wdescribe the procedures
to determine multicomponent transport properties from the pure species expressions. Chapter Eloutlines
how to use the TRANSPORT software package and how it relates to the CHEMKIN Gas-phase Utilities.
Chapters Eland E'include details on each of the multicomponent subroutines that can be called by a
CHEMKIN Application program. Finally, ChapterH lists the database that is currently provided with the
TRANSPORT software.
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2. THE TRANSPORT EQUATIONS

2.1 Pure Species Viscosity and Binary Diffusion Coefficients

The single component viscosities are given by the standard kinetic theory expression’

_ 5 4rmykgT

=—rX —— 1
Nk 16 ﬂa‘%Q(Z’Z)* ( )

where ok is the Lennard-Jones collision diameter, m is the molecular mass, kg is the Boltzmann constant,
and T is the temperature. The collision integral Q2" depends on the reduced temperature given by

« _kgT
&k '

and the reduced dipole moment given by

o 1wl
5= . @)
€kOk

In the above expression & is the Lennard-Jones potential well depth and 1« is the dipole moment. The
collision integral value is determined by a quadratic interpolation of the tables based on Stockmayer
potentials given in Monchick and Mason.8

The binary diffusion coefficients’ are given in terms of pressure and temperature as

B 3 ,;27'kgT3/ka (3)

Djg = o
k=16 P07 QU"

where my is the reduced molecular mass for the (j,k) species pair

mjmk
iy = I @)
mJ +my
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and g is the reduced collision diameter. The collision integral (*H (based on Stockmayer potentials)

depends on the reduced temperature, Tj*kwhich in turn may depend on the species dipole moments &,

and polarizabilities a«. In computing the reduced quantities, we consider two cases, depending on

whether the collision partners are polar or nonpolar. For the case that the partners are either both polar

or both nonpolar the following expressions apply:
Eik _ M EQ ) &
kg ks \ kg
1
k= 5\Yj k
Oig = 2(0 +0 )

Mk = 1 .

For the case of a polar molecule interacting with a nonpolar molecule;

Eﬂ:fz S_n €_p
kg ks A\ kg

where,

1 * ok gp
=1+=—anuy 2.
'3 4 nHp £

()

(6)

(")

(8)

©)

(10)

(11)
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In the above equations a; is the reduced polarizability for the nonpolar molecule and ;1; is the reduced
dipole moment for the polar molecule. The reduced values are given by

= _a
an =2 12)
On
* H
Hp = P —. (13)
VEpp
The table look-up evaluation of the collision integral Q@0 depends on the reduced temperature
Ty = kel (14)
gjk
and the reduced dipole moment,
* 1 2
Ojk =S Hik: (15)

Although one could add a second-order correction factor to the binary diffusion coefficients® we have
chosen to neglect this since, in the multicomponent case, we specifically need only the first approximation
to the diffusion coefficients. When higher accuracy is required for the diffusion coefficients, we therefore
recommend using the full multicomponent option.

2.2 Pure Species Thermal Conductivities

The pure species thermal conductivities are computed only for the purpose of later evaluating mixture-
averaged thermal conductivities; the mixture conductivity in the multicomponent case does not depend
on the pure species formulas stated in this section. Here we assume the individual species conductivities
to be composed of translational, rotational, and vibrational contributions as given by Warnatz.3

_ Tk
/]k - W_k(ftranscu,trans + frot.CU,rot. + fvib.CU,vib.) (16)
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where

and,

2
B=Zy +—| >
rot. ﬂ(g R

5Cy rot. + Dy

Tk

}

7)

(18)

(19)

(20)

(21)

The molar heat capacity Cy relationships are different depending on whether or not the molecule is linear

or not. In the case of a linear molecule,

Cy trans :§
R 2

Cu rot. -1
R

5
Cy,vin. =Cy _E R

(22)

(23)

(24)
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In the above, Cy is the specific heat at constant volume of the molecule and R is the universal gas constant.
For the case of a nonlinear molecule,

Cu,trans — E (25)

R 2

C

U, rot. — § (26)

R 2
CU,Vib. = CU -3R (27)

The translational part of C, is always the same,
3

Cu,trans = 5 R. (28)

In the case of single atoms (H atoms, for example) there are no internal contributions to C,, and hence,

n 3
A = W_kk[ firans. 5 R} (29)

where fyns =5/2. The “self-diffusion” coefficient comes from the following expression,

_ 3 {2kgTm, (30)

D =—+—B_ K
Y716 o2l

The density comes from the equation of state for a perfect gas,

_ PW

RT ' (1)

with p being the pressure and W the species molecular weight.
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The rotational relaxation collision number is a parameter that we assume is available at 298K (included in
the database). It has a temperature dependence given in an expression by Parkerl0 and Brau and

Jonkman,11
_ F(298)
Zot(T) = Zr°t'(298)_F('FT' (32)
where,

3 1

F(T)=1+7T—22(£/%j2 +[§+2J(%)+ng(£/¥y. (33)

2.3 The Pure-Species Fitting Procedure

To expedite the evaluation of transport properties in a computer program, such as the CHEMKIN
Application PREMIX, we fit the temperature dependent parts of the pure species property expressions.
Then, rather than evaluating the complex expressions for the properties, only comparatively simple fits
need to be evaluated.

We use a polynomial fit of the logarithm of the property versus the logarithm of the temperature. For the
viscosity

N
I = 3 an(InT)" ™, (34)
n=1
and the thermal conductivity,
N n-1
InAc = X by (InNT)" . (35)
n-1

The fits are done for each pair of binary diffusion coefficients in the system.

N n-1
InDjk = Zldn’jk(lnT) . (36)
n—
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By default TRANSPORT uses third- order polynomial fits (i.e., N = 4) and we find that the fitting errors are
well within one percent. The fitting procedure must be carried out for the particular system of gases that
is present in a given problem. Therefore, the fitting cannot be done “once and for all,” but must be done
once at the beginning of each new problem.

The viscosity and conductivity are independent of pressure, but the diffusion coefficients depend
inversely on pressure. The diffusion coefficient fits are computed at unit pressure; the later evaluation of
a diffusion coefficient is obtained by simply dividing the diffusion coefficient as evaluated from the fit by
the actual pressure.

Even though the single component conductivities are fit and passed to the TRANSPORT Subroutine

Library, they are not used in the computation of multicomponent thermal conductivities; they are used
only for the evaluation of the mixture-averaged conductivities.

2.4 The Mass, Momentum, and Energy Fluxes

The momentum flux is related to the gas mixture viscosity and the velocities by

T= —I](DU+([|U)T)+(§I]—KJ(D )5, (37)

where v is the velocity vector, (Ouv) is the dyadic product, (Juv)" is the transpose of the dyadic product,
and & is the unit tensor.® In the TRANSPORT software package we provide average values for the mixture
viscosity 1, but we do not provide information on the bulk viscosity «.

The energy flux is given in terms of the thermal conductivity Agby

K K RT T
q=2jkhk —A0DT—ZW X Dkdk’ (38)
k=1 k=1YVk Mk
where,
1
die =X, + (X _Yk)BDp- (39)

The multicomponent species flux is given by
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ik = PV Vi, (40)

where Y are the mass fractions and the diffusion velocities are given by

K DT
Vi=—— SW,Dy d; -—&- 10T, (41)
XkW jzk ,OYk T

The species molar masses are denoted by W and the mean molar mass byW . Dy,j are the ordinary
multicomponent diffusion coefficients, and D|I are the thermal diffusion coefficients.

By definition in the mixture-average formulations, the diffusion velocity is related to the species gradients
by a Fickian formula as,

DT
Vi =~ Dndy - LT, 42)
Xk ,OYk T

The mixture diffusion coefficient for species k is computed as °

1-Yy

S (S (43)
S5k X /D

km

A potential problem with this expression is that it is not mathematically well defined in the limit of the
mixture becoming a pure species. Even though diffusion itself has no real meaning in the case of a pure
species, the numerical implementation must ensure that the diffusion coefficients behave reasonably and
that the program does not “blow up” when the pure species condition is reached. We circumvent these
problems by evaluating the diffusion coefficients in the following equivalent way.

K
. XKW
Dy = Z]#k 177

Sl (44)
K
W2 s X /Dik

In this form the roundoff is accumulated in roughly the same way in both the numerator and
denominator, and thus the quotient is well behaved as the pure species limit is approached. However, if
the mixture is exactly a pure species, the formula is still undefined.
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To overcome this difficulty we always retain a small quantity of each species. In other words, for the
purposes of computing mixture diffusion coefficients, we simply do not allow a pure species situation to
occur; we always maintain a residual amount of each species. Specifically, we assume in the above
formulas that

Xk =)2k +9, (45)

where X is the actual mole fraction and Jis a small number that is numerically insignificant compared to
any mole fraction of interest, yet which is large enough that there is no trouble representing it on any
computer. A value of 1012 for dworks well.

In some cases (for example, Warnatz12 and Coltrin et al.13) it can be useful to treat multicomponent
diffusion in terms of an equivalent Fickian diffusion process. This is sometimes a programming
convenience in that the computer data structure for the multicomponent process can be made to look like
a Fickian process. To do so supposes that a mixture diffusion coefficient can be defined in such a way
that the diffusion velocity is written as Eq. (42) rather than Eq. (41). This equivalent Fickian diffusion
coefficient is then derived by equating Eq. (41) and (42) and solving for Dym as

K
_ 2 Wibk g

. (46)

ka

Unfortunately, this equation is undefined as the mixture approaches a pure species condition. To help

0 =12

deal with this difficulty a small number (&=1 ) may be added to both the numerator and

denominator to obtain

K
_ 2jaWiDyd e
W(dy +¢)

ka

Furthermore, for the purposes of evaluating the “multicomponent” Dy, it may be advantageous to
compute the di in the denominator using the fact that 0OX, = ‘le(;:k 0X . In this way the summations in
the numerator and the denominator accumulate any rounding errors in roughly the same way, and thus
the quotient is more likely to be well behaved as the pure species limit is approached. Since there is no
diffusion due to species gradients in a pure species situation, the exact value of the diffusion coefficient is
not as important as the need for is simply to be well defined, and thus not cause computational
difficulties.
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In practice we have found mixed results using the equivalent Fickian diffusion to represent
multicomponent processes. In some marching or parabolic problems, such as boundary layer flow in
channels,13 we find that the equivalent Fickian formulation is preferable. However, in some steady state
boundary value problems, we have found that the equivalent Fickian formulation fails to converge,
whereas the regular multicomponent formulation works quite well. Thus, we cannot confidently
recommend which formulation should be preferred for any given application.

2.5 The Mixture-Averaged Properties

Our objective in this section is to determine mixture properties from the pure species properties. In the
case of viscosity, we use the semi-empirical formula due to Wilkel4 and modified by Bird et al.> The
Wilke formula for mixture viscosity is given by

K X
n=1y K& (48)
k=1 2521 X [ Py
where,
1 1 12
2 2(W; 4
q:kj :i 1+% 1+ ’7_k _ . (49)
V8l W, nj ) Wk

For the mixture-averaged thermal conductivity we use a combination averaging formulal®

1[ K
A==l S X +— (50)
2{kzl KK Zlf:lxk/Ak]

2.6 Thermal Diffusion Ratios

The thermal diffusion coefficients are evaluated in the following section on multicomponent properties.
This section describes a relatively inexpensive way to estimate the thermal diffusion of light species into a
mixture. This is the method that is used in our previous transport package, and it is included here for the
sake of upward compatibility. This approximate method is considerably less accurate than the thermal
diffusion coefficients that are computed from the multicomponent formulation.
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A thermal diffusion ratio ©y can be defined such that the thermal diffusion velocity W, is given by

~Din®y 1 T

51
X T oK Gh

Wy, =

where X; is a spatial coordinate. The mole fractions are given by Xy, and the Dn are mixture diffusion
coefficients Eq. (42). In this form we only consider thermal diffusion in the trace, light component limit
(specifically, species k having molecular mass less than 5). The thermal diffusion ratiol® is given by

K
Ok = X by (52)
jzk

where

15 (2A§. +5)(60§- —5) W, —W,

=== X, X (53)
"7 2 pjleAy -128y +55) Wy +w; T
Three ratios of collision integrals are defined by
(2.2)
=1 2 54
1720y (4)
ij
12) _~@L3
g0z 12~y
1) 3 Qi(jll’) (55)
o2
cf=t—te (56)
3 Qi(jl,l)
We have fit polynomials to tables of A*J- , Bi*j ,and C;} .8

In the TRANSPORT Preprocessor fitting program (where the pure species properties are fit) we also fit the
temperature dependent parts of the pairs of the thermal diffusion ratios for each light species into all the
other species. That is, we fit G /(ijk) for all species pairs in which Wy <5. Since the 6, depend
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weakly on temperature, we fit to polynomials in temperature, rather than the logarithm of temperature.
The coefficients of these fits are written onto the Linking File.

2.7 The Multicomponent Properties

The multicomponent diffusion coefficients, thermal conductivities, and thermal diffusion coefficients are
computed from the solution of a system of equations defined by what we call the L matrix. It is
convenient to refer to the L matrix in terms of its nine block sub-matrices, and in this form the system is
given by

LOO,OO LOO,lO 0 a%O 0
LlO,OO LlO,lO LlO,Ol a]].-O =| X (57)
0 L01,10 LOl,Ol 3(1)1 X

where right hand side vector is composed of the mole fraction vectors X,. The multicomponent diffusion
coefficients are given in terms of the inverse of the L% plock as

16T W
ij =Xigpw( lj n)’ (58)
i
where
(P)= L0000~
' (59)
The thermal conductivities are given in terms of the solution to the system of equations by
Ky a1
Aor. = = X X810 (60)
k=1
Ky a1
Agjint. =~ X Xyaio1 (61)
k=1
Ao =Aotr. + Aojint. (62)
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and the thermal diffusion coefficients are given by

T _8m Xy 1
D, = a
K cR koo

The components of the L matrix are given by Dixon-Lewis,?

16T K X
L% =22 < {mjxj(l_dik)_mxj(aij ‘5jk}

my b.ZC lj:]k - 1)

8T K
L9090 = 2 3 XX, [0 ‘5ik)(—)—
5p k=1 mJ +my D]k

1000 | 0010
j ji
Lﬂl'oo - Lcj)?,m -0

00 16T K m XX,
! 25p k=1M; (m; +my ) Dy

15 » 25 5 2.0
X{(ij —cﬂ{?ml +7mk _skaik

* 5( Girot Ck,rot
—4mim Ag\Oix + 05 | 1+ —| ——+——
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In these equations T is the temperature, p is the pressure, X, is the mole fraction of species k, D are the
binary diffusion coefficients, and M is the molecular mass of species i. Three ratios of collision
integrals AjDk , BjDk , and CjDk are defined by Egs. (54-56). The universal gas constant is represented by R
and the pure species viscosities are given as 7. The rotational and internal parts of the species molecular
heat capacities are represented by ¢y ;or and cyint. For alinear molecule

c
k,I’Ot =1, (65)
kg
and for a nonlinear molecule
Chorot _ 3 (66)
kg 2

The internal component of heat capacity is computed by subtracting the translational part from the full
heat capacity as evaluated from the CHEMKIN Thermodynamic Database.

Ci,int =C_p_% (67)

Following Dixon-Lewis,2 we assume that the relaxation collision numbers ¢jj depend only on the species
i, e, all & =& . The rotational relaxation collision number at 298K is one of the parameters in the
transport database, and its temperature dependence was given in Egs. (32) and (33).

For non-polar gases the binary diffusion coefficients for internal energy D;;y  are approximated by the
ordinary binary diffusion coefficients. However, in the case of collisions between polar molecules, where
the exchange is energetically resonant, a large correction of the following form is necessary,

D pp (68)

Dpint.p = ,

where,

5 = 2985

pp F (69)

when the temperature is in Kelvins.
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There are some special cases that require modification of the L matrix. First, for mixtures containing
monatomic gases, the rows that refer to the monatomic components in the lower block row and the
corresponding columns in the last block column must be omitted. That this required is clear by noting
that the internal part of the heat capacity appears in the denominator of terms in these rows and columns
(e.g., Liljo’01

except one approach zero, and this causes the L matrix to become singular. Therefore, for the purposes of

). An additional problem arises as a pure species situation is approached, because all Xy

forming L we do not allow a pure species situation to occur. We always retain a residual amount of each
species by computing the mole fractions from

X, :‘(‘%m (70)

A value of 6=10"*2 works well; it is small enough to be numerically insignificant compared to any mole
fraction of interest, yet it is large enough to be represented on nearly any computer.

2.8 Species Conservation

Some care needs to be taken in using the mixture-averaged diffusion coefficients as described here. The
mixture formulas are approximations, and they are not constrained to require that the net species
diffusion flux is zero, i.e., the condition.

K
Y VY, =0 (72)
k=1

need not be satisfied. Therefore, one must expect that applying these mixture diffusion relationships in
the solution of a system of species conservation equations should lead to some nonconservation, i.e., the
resultant mass fractions will not sum to one. Therefore, one of a number of corrective actions must be
invoked to ensure mass conservation.

Unfortunately, resolution of the conservation problem requires knowledge of species flux, and hence
details of the specific problem and discretization method. Therefore, it is not reasonable in the general
setting of the present software package to attempt to enforce conservation. Nevertheless, the user of the
package must be aware of the difficulty, and consider its resolution when setting up the difference
approximations to his particular system of conservation equations.

One attractive method is to define a “conservation diffusion velocity” as Coffee and Heimerl®
recommend. In this approach we assume that the diffusion velocity vector is given as
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Vi = Vi + Vg, (72)

where {7k is the ordinary diffusion velocity Eq. (42) and V. is a constant correction factor (independent of
species, but spatially varying) introduced to satisfy Eq. (71). The correction velocity is defined by

K ~
Ve ==Y Vg (73)
k=1

This approach is the one followed by Miller et al.17-19 in their flame models.

An alternative approach is attractive in problems having one species that is always present in excess.
Here, rather than solving a conservation equation for the one excess species, its mass fraction is computed
simply by subtracting the sum of the remaining mass fractions from unity. A similar approach involves
determining locally at each computational cell which species is in excess. The diffusion velocity for that
species is computed to require satisfaction of Eq. (71).

Even though the multicomponent formulation is theoretically forced to conserve mass, the numerical
implementations can cause some slight nonconservation. Depending on the numerical method, even
slight inconsistencies can lead to difficulties. Methods that do a good job of controlling numerical errors,
such as the differential/algebraic equation solver DASSL (Petzold, 1982), are especially sensitive to
inconsistencies, and can suffer computational inefficiencies or convergence failures. Therefore, even
when the multicomponent formulation is used, it is often advisable to provide corrective measures such
as those described above for the mixture-averaged approach. However, the magnitude of any such
corrections will be significantly smaller.
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3. THE MECHANICS OF USING THE PACKAGE

3.1 General Flow of Information

The TRANSPORT package must be used in conjunction with the CHEMKIN Gas-phase Utility package.
The general flow of information is depicted in@

The first step is to execute the CHEMKIN Interpreter. The gas-phase CHEMKIN kinetics package is
documented separately in the CHEMKIN Gas-phase Utility user’'s manual. The CHEMKIN Interpreter first
reads user-supplied information about the species and chemical reactions in a problem. It then extracts
further information about the species’ thermodynamic properties from the Thermodynamics Database
and from a separate user input file, if provided. This information is stored on the CHEMKIN Linking File,
a file that is needed by the TRANSPORT Property Fitting routine, and later by the CHEMKIN Gas-Phase
Subroutine Library.

The next program to be executed is the TRANSPORT Property Fitting routine. It needs input from the
TRANSPORT Property Database, and from the CHEMKIN Linking File. The TRANSPORT database
contains molecular parameters for a number of species; these parameters are: The Lennard-Jones well
depth ¢/kg in Kelvins, the Lennard-Jones collision diameter o in Angstroms, the dipole moment 4 in
Debyes, the polarizability a in cubic angstroms, the rotational relaxation collision number Z,y and an
indicator regarding the nature and geometrical configuration of the molecule. A supplemental input file
can also contain this information, as described in Section Elbelow. The information coming from the
CHEMKIN Linking File contains the species names. The names in both the CHEMKIN and the
TRANSPORT databases must correspond exactly. Like the CHEMKIN Interpreter, the TRANSPORT Fitting
routine produces a TRANSPORT Linking File that is later needed in the TRANSPORT Property Subroutine
Library.

3.2 Accessing the Transport Property Subroutine Library from an Application

Both the CHEMKIN and the TRANSPORT subroutine libraries must be initialized before use and there is a
similar initialization subroutine in each. The TRANSPORT Subroutine Library is initialized by a call to
subroutine MCINIT. Its purpose is to read the TRANSPORT Linking File and set up the internal working
and storage space that must be made available to all other subroutines in the library. Once initialized,
any subroutine in the library may be called from the application programs.
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Figure 1.  Schematic representing the relationship of the TRANSPORT package,
CHEMKIN, and the Application program.

3.3 Use of Command-Line Arguments

As an alternative or supplement to the Transport Database file, a separate input file may be specified on
the command-line when the Transport Property Fitting routine is invoked. In fact, all input file names
can be specified on the command-line. An example is shown in w Here the command-line
argument “-i” indicates the next string is the name of the supplemental transport input file. Similarly, -o
is the diagnostic output file, -c is the Chemkin Linking File, -d is the Transport Property Database file, and
-t is the output Transport Property Linking File. Full pathnames are needed for the files only if they are
not located in the user’s working directory.

tran —i tran.inp —o tran.out —-c chemasc —d tran.dat -t tran. asc

Figure 2. Example Use of Command-line Arguments for the TRANSPORT program.
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4. QUICK REFERENCE TO THE TRANSPORT SUBROUTINE LIBRARY

This chapter is arranged by topical area to provide a quick reference to each of the TRANSPORT Library
Subroutines. In addition to the subroutine call list itself, the purpose of the subroutine is briefly
described.

4.1 Mnemonics

There are seventeen user-callable subroutines in the package. All subroutine names begin with MC. The
following letter is either an S and A or an M, indicating whether pure species (S), mixture-averaged (A),
or multicomponent (M) properties are returned. The remaining letters indicate which property is
returned: CON for conductivity, VIS for viscosity, DIF for diffusion coefficients, CDT for both
conductivity and thermal diffusion coefficients, and TDR for the thermal diffusion ratios.

A call to the initialization subroutine MCINIT must precede any other call. This subroutine is normally
called only once at the beginning of a problem; it reads the Linking File and sets up the internal storage
and working space - arrays IMCWRK and RMCWRK. These arrays are required input to all other
subroutines in the library. Besides MCINIT there is only one other non-property subroutine, called
MCPRAM,; it is used to return the arrays of molecular parameters that came from the database for the
species in the problem. All other subroutines are used to compute either viscosities, thermal
conductivities, or diffusion coefficients. They may be called to return pure species properties, mixture-
averaged properties, or multicomponent properties.

In the input to all subroutines, the state of the gas is specified by the pressure in dynes per square
centimeter, temperature in Kelvins, and the species mole fractions. The properties are returned in
standard CGS units. The order of vector information, such as the vector of mole fractions or pure species
viscosities, is the same as the order declared in the CHEMKIN Interpreter input.

Here we provide a short description of each subroutine according to its function. In Chaper 5 we list the
subroutines in alphabetical order and provide a longer description of each subroutine including call-list
details.
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4.2 Initialization and Parameters

SUBROUTINE MCINIT (LINKMC, LOUT, LENIMC, LENRMC, IMCWRK, RMCWRK)

This subroutine serves to read the Linking File from the fitting code and to create the internal storage and
work arrays, IMCWRK(*) and RMCWRK (*). MCINIT must be called before any other transport
subroutine is called. It must be called after the CHEMKIN package is initialized.

SUBROUTINE MCPRAM (IMCWRK, RMCWRK EPS, SIG, DIP, POL, ZROT, NLIN)
This subroutine is called to return the arrays of molecular parameters as read from the transport database.

SUBROUTINE MCPNT (LSAVE, LOUT, NPOINT, V, P, LI, LR, IERR)
Reads from a binary file information about a TRANSPORT linkfile, pointers for the TRANSPORT Library,
and returns lengths of work arrays.

SUBROUTINE MCSAVE (LOUT, LSAVE, IMCWRK, RMCWRK)
Writes to a binary file information about a TRANSPORT linkfile, pointers for the TRANSPORT library, and
TRANSPORT work arrays.

SUBROUTINE MCREWR (LINKMC, LOUT, IMCWRK, RMCWRK, IFLAG)
This subroutine writes a new the transport linkfile from the data stored in the integer and real work
arrays, IMCWRK(*) and RMCWRK(*).

4.3 Viscosity

SUBROUTINE MCSVIS (T, RMCWRK, VIS)
This subroutine computes the array of pure species viscosities given the temperature.

SUBROUTINE MCAVIS (T, X, RMCWRK, VISMIX)
This subroutine computes the mixture viscosity given the temperature and the species mole fractions. It
uses modifications of the Wilke semi-empirical formulas.

SUBROUTINE MCCVEX (K, KDIM, RCKWRK, COFVIS)
Gets or puts values of the fitting coefficients for the polynomial fits to species viscosity.
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4.4 Conductivity

SUBROUTINE MCSCON (T, RMCWRK, CON)
This subroutine computes the array pure species conductivities given the temperature.

SUBROUTINE MCACON (T, X, RMCWRK, CONMIX)
This subroutine computes the mixture thermal conductivity given the temperature and the species mole
fractions.

SUBROUTINE MCMCDT (P, T, X, IMCWRK, RMCWRK, ICKWRK, CKWRK, DT, COND)
This subroutine computes the thermal diffusion coefficients and mixture thermal conductivities given the
pressure, temperature, and mole fractions.

SUBROUTINE MCCCEX (K, KDIM, RCKWRK, COFCON)
Gets or puts values of the fitting coefficients for the polynomial fits to species conductivity.

4.5 Diffusion Coefficients

SUBROUTINE MCSDIF (P, T, KDIM, RMCWRK, DJK)
This subroutine computes the binary diffusion coefficients given the pressure and temperature.

SUBROUTINE MCADIF (P, T, X, RMCWRK, D)
This subroutine computes the mixture-averaged diffusion coefficients given the pressure, temperature,
and species mole fractions.

SUBROUTINE MCMDIF (P, T, X, KDIM, IMCWRK, RMCWRK, D)
This subroutine computes the ordinary multicomponent diffusion coefficients given the pressure,
temperature, and mole fractions.

SUBROUTINE MCCDEX (K, KDIM, RCKWRK, COFDIF)
Gets or puts values of the fitting coefficients for the polynomial fits to species binary diffusion coefficients.

4.6 Thermal Diffusion

SUBROUTINE MCATDR (T, X, IMCWRK, RMCWRK, TDR)
This subroutine computes the thermal diffusion ratios for the light species into the mixture.
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SUBROUTINE MCMCDT (P, T, X, IMCWRK, RMCWRK, ICKWRK, CKWRK, DT, COND)
This subroutine computes the thermal diffusion coefficients, and mixture thermal conductivities given the
pressure, temperature, and mole fractions.
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5. ALPHABETICAL LISTING OF THE TRANSPORT SUBROUTINE LIBRARY WITH
DETAILED DESCRIPTIONS OF THE CALL LISTS

The following pages list detailed descriptions for the user interface to each of the package’s seventeen
user-callable subroutines. They are listed in alphabetical order.

MCACON  MCACON  MCACON  MCACON MCACON MCACON MCACON  MCACON

EE R R R R R R R R R R R R R R R R R R R R R
kkkkkkhkkhkkkkkkhkkhkkkhkkhkkkhkkhkkkhkkkkkkkkkkkk*x

khkkkkkkkkkkkkkkkkkkkk

SUBRQUTI NE MCACON (T, X, RMOWRK, CONM X)
Returns the mixture thermal conductivity given tenperature and
speci es nmol e fractions.

I NPUT
T - Real scalar, tenperature.
cgs units, K
X(*) - Real array, nole fractions of the m xture;

di mension at |east KK, the total species count.
RMCWRK(*) - Real workspace array; dinmension at |east LENRMC

QUTPUT
CONM X - Real scalar, mxture thermal conductivity.
cgs units, erg/cnfK*s

MCADI F MCADI F MCADI F MCADI F MCADI F MCADI F MCADI F MCADI F

ER R R R R R R R R R R R R R R R R R R R R
R E SR Sk Sk Sk Sk Sk Sk Sk S S S S S S S S S S S S S S S S S

khkkkkkkkhkkkhkkkkkkkkkk

SUBRQUTI NE MCADI F (P, T, X, RMOWRK, D)
Ret urns m xture-averaged diffusion coefficients given pressure,
tenperature, and species nole fractions.

I NPUT
P - Real scalar, pressure.
cgs units, dynes/cnt*2
T - Real scalar, tenperature.
cgs units, K
X(*) - Real array, nole fractions of the m xture;

di mension at |east KK, the total species count.
RMCWRK(*) - Real workspace array; dinmension at |east LENRMC

QUTPUT
D(*) - Real array, mxture diffusion coefficients;
di mensi on at |least KK, the total species count.
cgs units, cnt*2/s
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MCAVIS MCAVIS MCAVIS MCAVIS MCAVIS MCAVIS  MCAVI S

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCAVI S (T, X, RMCWRK, VI SM X)
Returns m xture viscosity, given tenperature and species nole

fractions.
formul as.

I NPUT
T

X(*)
RMOWRK( *)

OQuUTPUT
VI SM X

It uses nodification of the Wl ke sem -enpirical

MCAVI S

- Real scalar, tenperature.
cgs units, K
- Real array, nole fractions of the m xture;

di mension at |east KK, the total species count.
- Real workspace array; dinmension at |east LENRMC

- Real scalar, mxture viscosity.
cgs units, gnicnfs

MCCCEX  MCCCEX  MCCCEX  MCCCEX — MCCCEX — MCCCEX MCCCEX  MCCCEX

LR R R R R R

R E R Sk Sk Sk Sk Sk S Sk S S S Sk S R S S S S S S S S S S S S

khkkkkhkkhkhkhkkhkkkkkkkkkk

SUBRQUTI NE MCCCEX (K, KDIM RCKWRK, COFCON)
Gets or puts values of the fitting coefficients for the

pol ynom al

I NPUT
K

KDI M
RMCVRK( *)

If K< 1:
COFCON

OQuUTPUT
If K> 1:
COFCON

fits to species conductivity.

- Integer scalar, species index.
K > 0 gets coefficients from RMCVWRK
K < 0 puts coefficients into RMCVRK

- Dimension for COFCON - the total nunber of species
- Real workspace array; dinmension at |east LENRMC

- Real vector of polynom al coefficients for
the species' conductivity; dinension at |east
usual ly 4.

- Real vector of polynomal coefficients for
the species' conductivity; dinension at |east
usual ly 4.

NO,

NO,
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MCCDEX  MCCDEX  MCCDEX  MCCDEX — MCCDEX  MCCDEX  MCCDEX — MCCDEX

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCCDEX (K, KDIM RCKWRK, COFDIF)
Gets or puts values of the fitting coefficients for the
polynom al fits to species binary diffusion coefficients.

I NPUT
K - Integer scalar, species index.
K > 0 gets coefficients from RMCVRK
K < 0 puts coefficients into RMOWRK
KDl M - Dinension for COFDIF - the total nunber of species
RMCWRK(*) - Real workspace array; dinension at |east LENRMC

If K< 1:
COFDI F - Real matrix of polynom al coefficients for
the species' binary diffusion coefficient with all
ot her species; The first dimension should be KK;
t he second di mensi on should be NO usually 4;
OUTPUT
If K> 1:
COFDI F - Real matrix of polynom al coefficients for

the species' binary diffusion coefficient with all
ot her species; first dinmension should be NO usually 4;
The second di mensi on shoul d be NKK

MCCVEX  MCCVEX  MCCVEX  MCCVEX  MCCVEX MCCVEX MCCVEX MCCVEX

Ahkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhhhhhhhkdhddddrrddxkxkxx
EEE R Sk Sk Sk Sk Sk S S S S S S S S S S S S S S S S S S

khkkkhkhkkkkkkkhkkkkkkkkk

SUBRQUTI NE MCCVEX (K, KDIM RCKWRK, COFVIS)
Gets or puts values of the fitting coefficients for the
polynomal fits to species viscosity.

I NPUT
K - Integer scalar, species index.
K > 0 gets coefficients from RMOVWRK
K < 0 puts coefficients into RMCVRK
KDI M - Dinmension for COFVIS - the total nunber of species
RMCWRK(*) - Real workspace array; dinmension at |east LENRMC

If K< 1:
COFVI S - Real vector of polynom al coefficients for
the species' viscosity; dimension at |east NO wusually 4
QUTPUT
If K> 1:
COFVI S - Real vector of polynom al coefficients; dinension

at least NO wusually = 4
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MONNT  MIANT MINT MINT MIANT MINT MINT MIANT

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBRQUTINE MCI NI T (LINKMC, LOUT, LENIMC, LENRMC, | MOWRK, RMCOVRK,

| FLAG
This subroutine reads the transport linkfile fromthe fitting code
and creates the internal storage and work arrays, | MOWRK(*) and
RMCWRK(*). MCINIT nust be called before any other transport
subroutine is called. It nust be called after the CHEMKI N package
isinitialized.

I NPUT

LI NKMC - Integer scalar, transport linkfile input unit nunber.
Lout - Integer scalar, formatted output file unit nunber.
LENI MC - Integer scalar, mnimmdimension of the integer

storage and workspace array | MOWRK(*);
LENI MC nmust be at |east:
LENIMC = 4*KK + NLI TE,
where KK is the total species count, and
NLI TE i s the nunber of species with nolecul ar
wei ght | ess than 5.
LENRMC - Integer scalar, mninmumdinmension of the real storage
and wor kspace array RMOWRK(*);
LENRMC nust be at |east:
LENRMC = KK*(19 + 2*NO + NO*NLI TE) + (NO+15)*KK**2,
where KK is the total species count,
NO is the order of the polynomal fits (NO=4),
NLI TE i s the nunber of species with nolecul ar
wei ght | ess than 5.

OUTPUT
I MOWRK(*) - Integer workspace array; dinension at |east LEN MC.
RMOWRK(*) - Real wor kspace array; dinension at |east LENRMC

MCLEN MCLEN MCLEN MCLEN MCLEN MCLEN MCLEN MCLEN

EE R R R Sk Sk S S S kR S S S S Sk S kS Sk S Sk S Sk S
EE R R R R

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCLEN (LI NKMC, LOQUT, LI, LR |FLAG
Returns the lengths required for work arrays.

I NPUT

LINKMC - Integer scalar, input file unit for the linkfile.

Lout - Integer scalar, formatted output file unit.

OUTPUT

LI - Integer scalar, mnimumlength required for the
integer work array.

LR - Integer scalar, mnimumlength required for the
real work array.

| FLAG - Integer scalar, indicates successful reading of

linkfile; IFLAGO indicates error type.
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MCMCDT  MCMCDT  MCMCDT  MCMCDT  MCMCDT MCMCDT - MCMCDT

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCMCDT (P, T, X, | MOWRK, RMOWRK, | CKWRK, CKWRK,

Returns thermal diffusion coefficients, and m xture thernal

DT, COND)

MCMCDT

conductivities, given pressure, tenperature, and nole fraction.

I NPUT
P

T

X(*)

| MOWRK( *)
RMOWRK( *)
| CKWRK( *)
RCKVIRK( *)

QUTPUT
DT(*)

COND

Real scal ar, pressure.
cgs units, dynes/cnt*2

Real scal ar, tenperature.
cgs units, K

Real array, nole fractions of the m xture;

di mension at |east KK, the total species count.

I nt eger TRANSPORT wor kspace arr ay;
di rensi on at | east LEN MC.

Real TRANSPORT wor kspace array;
di rensi on at | east LENRMC.

I nt eger CHEMKI N wor kspace arr ay;
di rensi on at | east LEN CK

Real CHEMKI N wor kspace array;
di mensi on at | east LENRCK

Real array, thermal nulticonponent
coefficients;

di mension at |east KK, the total species count.

cgs units, gni(cnfsec)
CGS UNITS - GV (COwr SEC)

di ffusion

Real scal ar, m xture thermal conductivity.

cgs units, erg/(cnfK*s)
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MCMOIF  MCMDIF MCMDIF MCMDIF MCMDIF MCMDIF MCMDIF - MCMDIF

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBRQUTINE MCMDIF (P, T, X, KDIM | MOWRK, RMCWRK, D)
Returns the ordinary nulticonponent diffusion coefficients,
given pressure, tenperature, and nole fractions.

I NPUT
P - Real scalar, pressure.
cgs units, dynes/cnt*2
T - Real scalar, tenperature.
cgs units, K
X(*) - Real array, nole fractions of the m xture;
di mensi on at |east KK, the total species count.
KDl M - Integer scalar, actual first dinension of D(KDI M KK);
KDI M nust be at |east KK, the total species count.
| MOWRK(*) - Integer workspace array; dinension at |east LEN MC
RMCWRK(*) - Real wor kspace array; dinension at |east LENRMC
QUTPUT
D(*,*) - Real matrix, ordinary multiconponent diffusion

coefficients;
di mension at |east KK, the total species count, for
both the first and second di nensi ons.

cgs units, cnt*2/s

MCPNT MCPNT MCPNT MCPNT MCPNT MCPNT MCPNT MCPNT

R R R Sk Sk S Sk S kS S S R S S R R R S Sk S kS S Sk S Sk S S S
EE R R R R

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCPNT (LSAVE, LOUT, NPONT, V, P, LI, LR IERR
Reads froma binary file infornmation about a Transport |inkfile,
pointers for the Transport Library, and returns |engths of work
arrays.

I NPUT

LSAVE - Integer scalar, input unit for binary data file.

LOUT - Integer scalar, fornatted output file unit.

OUTPUT

NPO NT - Integer scalar, total number of pointers.

\Y - Real scalar, version nunber of the Transport |inkfile.

P - Character string, machine precision of the linkfile.

LI - Integer scalar, mninmmdinension required for integer
wor kspace array.

LR - Integer scalar, mninmnmdinmension required for real
wor kspace array.

IERR - Logical, error flag.
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MCPRAM  MCPRAM  MCPRAM  MCPRAM  MCPRAM  MCPRAM  MCPRAM  MCPRAM

EE R SR R Sk Sk S S S kR S S Sk S S S Sk kR Sk S Sk S Sk S S S
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkkkkkxkxx

kkkkkkkkkkkkkkkkkkkkk

SUBROUTI NE MCPRAM (| MCWRK, RMCWRK, EPS, SIG DI P, PO., ZROT, NLIN)
Returns the arrays of nol ecul ar paraneters as read fromthe
transport database.

I NPUT
| MOWRK(*) - Integer workspace array; dinension at |east LEN MC
RMCWRK(*) - Real wor kspace array; dinension at |east LENRMC
QUTPUT
EPS(*) - Real array, Lennard-Jones Potential well depths for

t he species;
di mension at |east KK, the total species count.
cgs units, K
SI (%) - Real array, Lennary-Jones collision dianeters for
t he speci es;
di mension at |east KK, the total species count.
cgs units, Angstrom
DI P(*) - Real array, dipole nonents for the species;
di mensi on at |east KK, the total species count.
cgs units, Debye
POL(*) - Real array, polarizabilities for the species;
di mension at |east KK, the total species count.
cgs units, Angstront*3
ZROT(*) - Real array, rotational collision nunbers eval uated at
298K for the species;
di mension at |east KK, the total species count.
NLI N( *) - Integer array, flags for species linearity;
di mension at |east KK, the total species count.
NLI N=0O, single atom
NLI N=1, |inear ol ecule,
NLI N=2, |inear nol ecul e.

MCREWR  MCREWVR  MCREWVR  MCREWR MCREVWVR  MCREWR MCREWR  MCREVR

Ahkhkhkhkhkhkhkhkhhkhkhhhdhdhhkhhhhhhhhhhhhddhrrdkrdkdkrxxxkxx
R R Sk Sk Sk Sk Sk S Sk S S S Sk S S S S S S S S S S S S

khkkkkkhkhkhkkkhkhkkkkkkkkk

SUBRQUTI NE MCREWR (LI NKMC, LOUT, | MOWRK, RMCWRK, | FLAG
This subroutine wites a new the transport linkfile from
the data stored in the integer and real work arrays,

I MOWRK(*) and RMCOWRK(*).

I NPUT

LI NKMC - Integer scalar, transport linkfile output unit nunber.
Laout - Integer scalar, formatted output file unit nunber.
QUTPUT

| MOWRK(*) - Integer workspace array; dinension at |east LEN MC
RMCWRK(*) - Real wor kspace array; dinension at |east LENRMC
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SUBROQUTI NE MCSAVE (LOUT, LSAVE, |MOWRK, RMCWRK)
Wites to a binary file informati on about a Transport |inkfile,
pointers for the Transport library, and Transport work arrays.

I NPUT
LouT
LSAVE

I MOWRK( *)
RVOWRK( *)

- Integer scalar, formatted output file unit nunber.

- Integer scalar, unformatted output file unit nunber.
- Integer workspace array; dinmension at |east LEN MC
- Real wor kspace array; dinension at |east LENRMC

MCSCON MCSCON  MCSCON MCSCON MCSCON MCSCON MCSCON - MCSCON

LR R R R R
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khkkkkkhkhkhkhkkkkkkkkkkkk

SUBRQUTI NE MCSCON (T, RMCWRK, CON)
Returns the array of pur species conductivities given tenperature.

I NPUT
T

RMOWRK( *)

QUTPUT
CON(™)

- Real scalar, tenperature.
cgs units, K
- Real workspace array; dinmension at |east LENRMC

- Real array, species thermal conductivities;
di mension at |east KK, the total species count.
cgs units, erg/cnfK*s

MCSDI F MCSDI F MCSDI F MCSDI F MCSDI F MCSDI F MCSDI F MCSDI F

Ahkhkhkhkhkhhkhkhhkhkhhhhhhhhhhhhdhhhhdddddddrrrdxxxxx
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SUBRQUTINE MCSDIF (P, T, KDIM RMOWRK, DJK)
Returns the binary diffusion coefficients given pressure and
tenperature.

I NPUT
P

T

KDl M
RMOWRK( *)

QUTPUT
DJK(*'*)

- Real scalar, pressure.
cgs units, dynes/cnt*2
- Real scalar, tenperature.
cgs units, K
- Integer scalar, actual first dinmension of DIK(KD M KK) .
- Real workspace array; dinmension at |east LENRMC

- Real matrix, binary diffusion coefficients;
di mension at |east KK, the total species count, for
both the first and second di mensions.
cgs units, cnt*2/s
CIK(J,K) is the diffusion coefficient of species J
in species K
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SUBROUTI NE MCSVI S (T, RMOWRK, VIS)
Returns the array of pure species viscosities, given tenperature.

I NPUT
T - Real scalar, tenperature.
cgs units, K
RMCWRK(*) - Real workspace array; dinmension at |east LENRMC

QUTPUT
VI S(*) - Real array, species viscosities;
di mensi on at |east KK, the total species count.
cgs units, gnicnts
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6. TRANSPORT DATABASE

In this section we list the database file that is currently included with the TRANSPORT software. While
this database file is more of a historical record, we expect that users will want to add their own collection
of data to suit their own needs. The database file included with CHEMKIN should not be viewed as the
last word in transport properties. Instead, it is a good starting point from which a user will provide the
best available data for his particular application. User data of the same format as the database file can
now be provided in a supplemental input data file. We recommend using this approach, rather than
editing the TRANSPORT database file, since the database file may be updated with subsequent versions of
the CHEMKIN Collection. When adding a new species to either the database file or to a supplemental
transport data input file, be sure that the species name is exactly the same as it is in the CHEMKIN
Thermodynamic Database.

Some of the numbers in the database have been determined by computing “best fits” to experimental
measurements of some transport property (e.g. viscosity). In other cases the Lennard-Jones parameters
have been estimated following the methods outlined in Svehla. 20

The first 16 columns in each line of the database are reserved for the species name. (Presently CHEMKIN
is programmed to allow no more than 16-character names.) Columns 17 through 80 are free-format, and
they contain the molecular parameters for each species. They are, in order:

1. An index indicating whether the molecule has a monatomic, linear or nonlinear geometrical
configuration. If the index is 0, the molecule is a single atom. If the index is 1 the molecule is
linear, and if it is 2, the molecule is nonlinear.

2. The Lennard-Jones potential well depth g kg in Kelvins.

3. The Lennard-Jones collision diameter gin Angstroms.

4. The dipole moment xin Debye. Note: a Debye is 10-18cm3/2ergl/2.
5. The polarizability ain cubic Angstroms.

6. The rotational relaxation collision number Z,y at 298K.

7. After the last number, a comment field can be enclosed in parenthesis.
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Species Name Geometry &/Kg o M a Zrot

Al2Meb6 2 471. 6.71 0.0 0.0 1.0

AlMe3 2 471, 5.30 0.0 0.0 1.0

AR 0 136.500 3.330 0.000 0.000 0.000
AR* 0 136.500 3.330 0.000 0.000 0.000
AS 0 1045.5 4.580 0.000 0.000 0.000
AS2 1 1045.5 5.510 0.000 0.000 1.000
ASH 1 199.3 4.215 0.000 0.000 1.000
ASH?2 2 229.6 4.180 0.000 0.000 1.000
ASH3 2 259.8 4.145 0.000 0.000 1.000
AsH3 2 259.8 4.145 0.000 0.000 1.000
BCL3 2 337.7 5.127 0.000 0.000 1.000
C 0 71.400 3.298 0.000 0.000 0.000
C-SI3H6 2 331.2 5.562 0.000 0.000 1.000
c2 1 97.530 3.621 0.000 1.760 4.000
C2F4 2 202.6 5.164 0.000 0.000 1.000
C2F6 2 194.5 5.512 0.000 0.000 1.000
C2H 1 209.000 4.100 0.000 0.000 2.500
C2H2 1 209.000 4.100 0.000 0.000 2.500
C2H20H 2 224.700 4.162 0.000 0.000 1.000
C2H3 2 209.000 4.100 0.000 0.000 1.000
C2H4 2 280.800 3.971 0.000 0.000 1.500
C2H5 2 252.300 4.302 0.000 0.000 1.500
C2H50H 2 362.6 4.53 0.000 0.000 1.000
C2H6 2 252.300 4.302 0.000 0.000 1.500
C2N 1 232.400 3.828 0.000 0.000 1.000
C2N2 1 349.000 4.361 0.000 0.000 1.000
Cc20 1 232.400 3.828 0.000 0.000 1.000
C3H2 2 209.000 4.100 0.000 0.000 1.000
C3H3 1 252.000 4.760 0.000 0.000 1.000
C3H4 1 252.000 4.760 0.000 0.000 1.000
C3H4P 1 252.000 4.760 0.000 0.000 1.000
C3H6 2 266.800 4,982 0.000 0.000 1.000
C3H7 2 266.800 4,982 0.000 0.000 1.000
C3H8 2 266.800 4,982 0.000 0.000 1.000
C4H 1 357.000 5.180 0.000 0.000 1.000
C4H2 1 357.000 5.180 0.000 0.000 1.000
C4H20H 2 224.700 4.162 0.000 0.000 1.000
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Species Name Geometry &/Kg o M a Zrot

C4H3 1 357.000 5.180 0.000 0.000 1.000
C4H4 1 357.000 5.180 0.000 0.000 1.000
C4H6 2 357.000 5.180 0.000 0.000 1.000
C4H8 2 357.000 5.176 0.000 0.000 1.000
C4H9 2 357.000 5.176 0.000 0.000 1.000
C4H9 2 357.000 5.176 0.000 0.000 1.000
C5H2 1 357.000 5.180 0.000 0.000 1.000
C5H3 1 357.000 5.180 0.000 0.000 1.000
C5H50H 2 450.000 5.500 0.000 0.000 1.000
C6H2 1 357.000 5.180 0.000 0.000 1.000
C6H5 2 412.300 5.349 0.000 0.000 1.000
C6H5(L) 2 412.300 5.349 0.000 0.000 1.000
C6H50 2 450.000 5.500 0.000 0.000 1.000
C6H6 2 412.300 5.349 0.000 0.000 1.000
C6H7 2 412.300 5.349 0.000 0.000 1.000
CF 1 94.2 3.635 0.000 0.000 1.000
CF2 2 108.0 3.977 0.000 0.000 1.000
CF3 2 121.0 4.320 0.000 0.000 1.000
CF4 2 134.0 4.662 0.000 0.000 1.000
CH 1 80.000 2.750 0.000 0.000 0.000
CH2 1 144.000 3.800 0.000 0.000 0.000
CH2(S) 1 144.000 3.800 0.000 0.000 0.000
CH2(SING) 1 144.000 3.800 0.000 0.000 0.000
CH2CHCCH 2 357.000 5.180 0.000 0.000 1.000
CH2CHCCH2 2 357.000 5.180 0.000 0.000 1.000
CH2CHCH2 2 260.000 4.850 0.000 0.000 1.000
CH2CHCHCH 2 357.000 5.180 0.000 0.000 1.000
CH2CHCHCH2 2 357.000 5.180 0.000 0.000 1.000
CH2CO 2 436.000 3.970 0.000 0.000 2.000
CH2F2 2 318.0 4.080 0.000 0.000 1.000
CH2HCO 2 436.000 3.970 0.000 0.000 2.000
CH20 2 498.000 3.590 0.000 0.000 2.000
CH20H 2 417.000 3.690 1.700 0.000 2.000
CH3 1 144.000 3.800 0.000 0.000 0.000
CH3CC 2 252.000 4.760 0.000 0.000 1.000
CH3CCCH2 2 357.000 5.180 0.000 0.000 1.000
CH3CCCH3 2 357.000 5.180 0.000 0.000 1.000
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Species Name Geometry &/Kg o M a Zrot
CH3CCH2 2 260.000 4.850 0.000 0.000 1.000
CH3CH2CCH 2 357.000 5.180 0.000 0.000 1.000
CH3CHCH 2 260.000 4.850 0.000 0.000 1.000
CH3CHO 2 436.000 3.970 0.000 0.000 2.000
CH3CO 2 436.000 3.970 0.000 0.000 2.000
CH30 2 417.000 3.690 1.700 0.000 2.000
CH3O0H 2 481.800 3.626 0.000 0.000 1.000
CH4 2 141.400 3.746 0.000 2.600 13.000
CH40 2 417.000 3.690 1.700 0.000 2.000
CHF3 2 240.0 4.330 0.000 0.000 1.000
CL 0 130.8 3.613 0.000 0.000 1.000
CL- 0 130.8 3.613 0.000 0.000 1.000
CL2BNH2 2 337.7 5.127 0.000 0.000 1.000
CN 1 75.000 3.856 0.000 0.000 1.000
CN2 1 232.400 3.828 0.000 0.000 1.000
CNC 1 232.400 3.828 0.000 0.000 1.000
CNN 1 232.400 3.828 0.000 0.000 1.000
co 1 98.100 3.650 0.000 1.950 1.800
CcO2 1 244.000 3.763 0.000 2.650 2.100
DMG 2 675.8 5.22 0.000 0.000 1.000
E 0 850. 425. 0.000 0.000 1.000
F 0 80.000 2.750 0.000 0.000 0.000
F2 1 125.700 3.301 0.000 1.600 3.800
GA 0 2961.8 4.62 0.000 0.000 0.000
GACHS3 2 972.7 4.92 0.000 0.000 1.000
GAH 1 3355 4.24 0.000 0.000 1.000
GAME 2 972.7 4.92 0.000 0.000 1.000
GAME2 2 675.8 5.22 0.000 0.000 1.000
GAME3 2 378.2 5.52 0.000 0.000 1.000
GaMe3 2 378.2 5.52 0.000 0.000 1.000
H 0 145.000 2.050 0.000 0.000 0.000
H2 1 38.000 2.920 0.000 0.790 280.000
H2ASCH3 2 408.0 4.73 0.000 0.000 1.000
H2C40 2 357.000 5.180 0.000 0.000 1.000
H2CCCCH 2 357.000 5.180 0.000 0.000 1.000
H2CCCCH?2 2 357.000 5.180 0.000 0.000 1.000
H2CCCH 2 252.000 4.760 0.000 0.000 1.000
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Species Name Geometry &/Kg o M a Zrot

H2CN 1 569.000 3.630 0.000 0.000 1.000
H2NO 2 116.700 3.492 0.000 0.000 1.000
H20 2 572.400 2.605 1.844 0.000 4.000
H202 2 107.400 3.458 0.000 0.000 3.800
H2S 2 301.000 3.600 0.000 0.000 1.000
H2SISIH2 2 312.6 4.601 0.000 0.000 1.000
H3SISIH 2 312.6 4.601 0.000 0.000 1.000
HC2N2 1 349.000 4.361 0.000 0.000 1.000
HCCHCCH 2 357.000 5.180 0.000 0.000 1.000
HCCO 2 150.000 2.500 0.000 0.000 1.000
HCCOH 2 436.000 3.970 0.000 0.000 2.000
HCL 1 344.7 3.339 0.000 0.000 1.000
HCN 1 569.000 3.630 0.000 0.000 1.000
HCNO 2 232.400 3.828 0.000 0.000 1.000
HCO 2 498.000 3.590 0.000 0.000 0.000
HCO+ 1 498.000 3.590 0.000 0.000 0.000
HE 0 10.200 2.576 0.000 0.000 0.000
HF 1 330.000 3.148 1.920 2.460 1.000
HFO 1 352.000 2.490 1.730 0.000 5.000
HF1 1 352.000 2.490 1.730 0.000 5.000
HF2 1 352.000 2.490 1.730 0.000 5.000
HF3 1 352.000 2.490 1.730 0.000 5.000
HF4 1 352.000 2.490 1.730 0.000 5.000
HF5 1 352.000 2.490 1.730 0.000 5.000
HF6 1 352.000 2.490 1.730 0.000 5.000
HF7 1 352.000 2.490 1.730 0.000 5.000
HF8 1 352.000 2.490 1.730 0.000 5.000
HNCO 2 232.400 3.828 0.000 0.000 1.000
HNNO 2 232.400 3.828 0.000 0.000 1.000
HNO 2 116.700 3.492 0.000 0.000 1.000
HNOH 2 116.700 3.492 0.000 0.000 1.000
HO2 2 107.400 3.458 0.000 0.000 1.000
HOCN 2 232.400 3.828 0.000 0.000 1.000
HSO2 2 252.000 4.290 0.000 0.000 1.000
I*C3H7 2 266.800 4.982 0.000 0.000 1.000
I*C4H9 2 357.000 5.176 0.000 0.000 1.000
K 0 850. 4.25 0.000 0.000 1.000
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Species Name Geometry &/Kg o M a Zrot
K+ 0 850. 4.25 0.000 0.000 1.000
KCL 1 1989. 4.186 0.000 0.000 1.000
KH 1 93.3 3.542 0.000 0.000 1.000
KO 1 383.0 3.812 0.000 0.000 1.000
KO2 2 1213. 4.69 0.000 0.000 1.000
KOH 2 1213. 4.52 0.000 0.000 1.000
N 0 71.400 3.298 0.000 0.000 0.000
N*C3H7 2 266.800 4.982 0.000 0.000 1.000
N2 1 97.530 3.621 0.000 1.760 4.000
N2H2 2 71.400 3.798 0.000 0.000 1.000
N2H3 2 200.000 3.900 0.000 0.000 1.000
N2H4 2 205.000 4.230 0.000 4.260 1.500
N20 1 232.400 3.828 0.000 0.000 1.000
NCN 1 232.400 3.828 0.000 0.000 1.000
NCNO 2 232.400 3.828 0.000 0.000 1.000
NCO 1 232.400 3.828 0.000 0.000 1.000
NH 1 80.000 2.650 0.000 0.000 4.000
NH2 2 80.000 2.650 0.000 2.260 4.000
NH3 2 481.000 2.920 1.470 0.000 10.000
NNH 2 71.400 3.798 0.000 0.000 1.000
NO 1 97.530 3.621 0.000 1.760 4.000
NO2 2 200.000 3.500 0.000 0.000 1.000
o 0 80.000 2.750 0.000 0.000 0.000
O(Si(OC2H5)3)2 2 522.7 5.25 0.000 0.000 1.000
02 1 107.400 3.458 0.000 1.600 3.800
03 2 180.000 4.100 0.000 0.000 2.000
OH 1 80.000 2.750 0.000 0.000 0.000
OSI(OC2H5)2 2 522.7 7.03 0.000 0.000 1.000
PH3 2 251.5 3.981 0.000 0.000 1.000
S 0 847.000 3.839 0.000 0.000 0.000
S*C4H9 2 357.000 5.176 0.000 0.000 1.000
S2 1 847.000 3.900 0.000 0.000 1.000
SH 1 847.000 3.900 0.000 0.000 1.000
Sl 0 3036. 2.910 0.000 0.000 0.000
Si(OC2H5)4 2 522.7 7.03 0.000 0.000 1.000
SI(OC2H5)4 2 522.7 7.03 0.000 0.000 1.000
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Si(OH)(OC2H5)3 2 522.7 7.03 0.000 0.000 1.000
SI(OH)(OC2H5)3 2 522.7 7.03 0.000 0.000 1.000
SI(OH)2(OC2H5)2 2 522.7 6.35 0.000 0.000 1.000
Si(OH)2(0C2H5)2 2 522.7 6.35 0.000 0.000 1.000
SI(OH)3(OC2Hb5) 2 522.7 5.75 0.000 0.000 1.000
SI(OH)4 2 522.7 5.25 0.000 0.000 1.000
S12 1 3036. 3.280 0.000 0.000 1.000
SI2H2 2 323.8 4.383 0.000 0.000 1.000
SI2H3 2 318.2 4.494 0.000 0.000 1.000
SI2H4 2 312.6 4.601 0.000 0.000 1.000
SI2H5 2 306.9 4.717 0.000 0.000 1.000
SI2H6 2 301.3 4.828 0.000 0.000 1.000
SI3 2 3036. 3.550 0.000 0.000 1.000
SI3H8 2 331.2 5.562 0.000 0.000 1.000
SIF 1 585.0 3.318 0.000 0.000 1.000
SIF3 2 309.6 4.359 0.000 0.000 1.000
SIF3NH2 2 231.0 4.975 0.000 0.000 1.000
SIF4 2 171.9 4.880 0.000 0.000 1.000
SIH 1 95.8 3.662 0.000 0.000 1.000
SIH2 2 133.1 3.803 0.000 0.000 1.000
SIH2(3) 2 133.1 3.803 0.000 0.000 1.000
SIH3 2 170.3 3.943 0.000 0.000 1.000
SIH3SIH2SIH 2 331.2 5.562 0.000 0.000 1.000
SIH4 2 207.6 4.084 0.000 0.000 1.000
SIHF3 2 180.8 4.681 0.000 0.000 1.000
SO 1 301.000 3.993 0.000 0.000 1.000
SO2 2 252.000 4.290 0.000 0.000 1.000
SO3 2 378.400 4.175 0.000 0.000 1.000
TMG 2 378.2 5.52 0.000 0.000 1.000
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