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1. INTRODUCTION

1.1 The problem considered

The problem considered in the present report involves the develop-
ment of a general-purpose computer program for the realistic
prediction of the hydrodynamics and chemical reaction in a two-
concentric-tube combustor; special attention being given to pollu-
tant (NOx) formation.

The combustor geometry considered in this study is shown in Figure
1. As indicated in the Figure, concentric streams of fuel (methane)
and air enter the inner duct of diameter Dl,i and length Li' On
entering the duct, the fuel and air mix together and at the end of
the inner duct, the flow expands radially outward and flow reversal
occurs into the‘passage of inner diameter D2,i‘ Combustion occurs

in the flow reversal region. Oxides of nitrogen and other com-
bustion products are formed as a result of the chemical reaction.

The flow is two-dimensional, axisymmetric, steady and turbulent.

1.2 Connexions with previous work

The method of solution employed is based on Ref 1, whkich describes
a general computer program (CHAMPION 2/E/FIX) for two-dimensional
elliptic flows. While the solution procedure employed in the
present work is basically the same as that of Ref 1, the computer
program itself has been extensively modified in order to improve

its structure, efficiency and comprehensibility. In addition,
the present work has also involved the inclusion of heat transfer
effects and of the appropriate chemical-equilibrium and kinetics-
caléulation schemes. ‘
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Figure 1: Geometry of a two-concentric- tube
combustor (not to scale).
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1.3 Purpose of the report

The purpose of this report is to present the analysis of the
hydrodynamics and the chemical reaction in the two-concentric-tube
combustor (Fig. 1). The analysis involves the mathematical
formulation of the flow in terms of partial differential and

some auxiliary algebraic equations. Subsequently these equations
are cast in their finite-difference form for obtaining numerical
solutions. The solution procedure is incorporated in a com-

puter program to produce profiles of velocity, temperature, and
species concentrations throughout the combustor.

This report provides all the necessary information concerning the
mathematical modelling of the flows under consideration, it
describes the numerical analysis involved in the solution of the
relevant equations and it defines the user-orientated parts of the
program.

It is to serve as both a comprehensive reference to the mathe-
matics and numerical procedure used in the program and as an

operational manual for the computer program.

1.4 Layout of the report

The remainder of this report is divided into ten chapters.

Chapter 2 is concerned with the mathematical formulation and
physical models employed in the solution procedure. Chapter 3
details the numerical solution procedure, and Chapter 4 describes
further features of the calculation. Thermodynamic and element
data are discussed in Chapter 5, and kinetics data in Chapter 6.
Results and discussions are provided in Chapter 7,and Chapter 8
provides some concluding remarks. Relevant literature references
and nomenclature are given in Chapters 9 and 10 respectively, which
close this report. Appendices A and B contain the description



and the listing of the computer program. Appendix C contains

a glossary of Fortran variables used in the computer program;

Appendix D contains a partial listing of the output from the
program.

and



;2~ PHYSICAL AND MATHEMATICAL ANALYSIS

| 2.1 Introduction

This Chapter describes the mathematical and physical basis of the
problem considered. The physical modelling of properties and
processes is discussed in Section 2.2, Section 2.3 outlines the
conservation equations for mass, momentum, stagnation enthalpy, and
chemical species. Boundary conditions are considered in Section
2.4, Auxiliary equations for mixture properties and flux cal-
culations are dealt with in Section 2.5, Section 2,6 describes
the chemical~-equilibrium model, and Section 2.7 the chemical-
kinetics model.

2.2 Physical Models

’

The conservation equations outlined in the next section are based
on a physical model which involves certain assumptions regarding
properties and processes; these are now described.

2.2.1 Processes

(1) Axial and radial derivatives for conduction, diffusion,
and momentum transport are included in the conservation
equations,

(ii) The chemistry incorporated into the computer code is
as follows: ‘

(1) A single-step reaction for hydrocarbon oxidation
according to:

1 kg of fuel + s kg of oxygen + (1+s) kg products
(1)



where s is a fixed stoichiometric ratio , and the
rate of the reaction is governed by the Arrhenius
relation:

Rate = C, T 2m

Cz C
1 fusmox4 exp (-Cg/T) (2)

where Cl, Cz, CS’ 04, and 05, are constants, T is the

absolute temperature, and My and m,, are the

concentrations of fuel and oxygen respectively.

(2) The products of the above idealized reaction are

assumed to consist of the species: CO, 002’ HZO,

o, H, H2’ and OH, in such proportions as are
appropriate to equilibrium stoichiometric adiabatic
combustion at the prevailing pressure and enthalpy.
These proportions are represented as algebraic
functions of pressure and enthalpy; the constants
in these functions being determined from inter-
polations in equilibrinm computations made external
and prior to the main computer code.

(3) Oxides of nitrogen are calculated by reference to

the kinetically-controlled reactions involving

the species N2, 02, O, H, and OH. The scheme con-
sists of nine reactions including the Zeldovich
mechanism as shown in Section 2.7 below.

2.2.2 Properties

Transport-property assumptions are such as to allow a composite

property & (Emfu - mox/s) to characterise the composition of the
gas-mixture with respect to the products of combustion resulting

from the main
a source-free
is a function
by convection

D e e o B B it SRR

hydrocarbon oxidation reaction. The quantity & obeys
conservation equation,‘and its transport coefficient

of position alone. This means that £ is influenced

and diffusion alone; and underlying its definition




is the assumption that the transport properties of oxidant and
fuel are everywhere equal.

2.3 Governing Differential Equations

The dependent variables are the axial velocity u, radial velocity

v, pressure p, mixture fraction f, mass fraction of unburnt fuel
Mg stagnation enthalpy B and the mass fractions of the species
involved in the Nox— reactions (i.e. NO, NOQ, N, and Nzo). As
mentioned earlier in Section 2,2.1, the concentrations of the
species CO, COz, HBO, 0, H, Hz, and OH are determined by a chemical-~
equilibrium analysis, subsequent to the solution of the governing
differential equations for f and Me, »

The differential equations which govern the fluid flow for steady,
two-dimensional axisymmetric flow are written* in cylindrical

polar (x-r) coordinates as:

x-direction momentum equation:

‘ L) 3 d
g% (pu?) + %-5%-(prvu) - 5% (“§§ ) _,% 37 (ru F%)

4

T2 (T A%) (3)**

i

3 ] au
= - §§ tax (Wax) ¢

¥ Symbols are explained in the nomenclature (Chapter 10).

*¥ ITn the equations presented here and later in the report,p and T
are the effective transport coefficients; the subscript 'eff!
is however largely omitted for the sake of convenience.
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r-direction momentum equation:

] 1 9 9 9 1 93 0
7% (PUV) + L 5= (prv?) - 5% (M 5%) - ¥ 57 (v 3%)
- _ 9 9 ou 1 9 oV 2UV 4)
e g trar (wgp - G
Continuity equation:
9 1 3 -
'a—i(DU.) +}--é-;(prv) =0 (5)
Conservation equation for chemical species j
=2 (pum,) + £ 2 (rovm,) - <2 (T g—m-i) l—ﬁ(rr?;nli =R, (6
3x \Pum, T or pvmy 09X °J ox T~ T ar j or ) = j & )

where mj is the mass fraction of chemical species j and RJ is the
mass rate of creation of species j by chemical reaction.

Conservation equation for stagnation enthalpy ﬁ:

AV} "
9 " 1 3 n P oh 1 29 dh, _
3x (Pub) + &5 (rovh) - 52 (T 53 - 7 37 (T} T5p) = SY (7)

~ where Sﬁ represents the sum of all the source terms for h and

includes sources of radiation and heat fluxes at the walls of the
duct. To arrive at equation (7), the assumption has been made
that the exchange coefficients for‘fhe transport of the mixture
and that for heat conduction are all equal at a point, although
they may vary from point to point.

Conservation equation for mixture fraction f:

0 1 3 a of 1 2 afy _
7x (PUD) * 5 g7 (FevE) - 55 (T 30 ~ T o7 Tefap) = 0 (8)
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where the nixture fraction f is defined as

m

General form of governing differential equations:
Equations (3) to (8) may be written in a general form as:
e Gun) + ol ave) - gy §h - 342 ol =5, (10)

In the above oquation ¢ identifies the dependent variable, B is
identically equal to eilther the mixture density p or zero; r¢

is the appropriate exchange coefficient for the variable ¢; and

S¢ is ‘the source term which includes both the sources of ¢(positive
or negative) and any other terms which cannot find a place on the
left-hand side of the equation. Table 1 summarizes the equations
in the form that are solved in the present work. Some notes about
these equations now follow:

The terms involving the velocity divergence (div V)

in the source terms of the x-~ and r-momentum equations
have been ignored. For uniform-density (i.e. inert)
flows div V is identically zero and there is no evror
involved, For the chemically vreacting flows to be
handled in the present work, div V is expected to be
small compared to other texms in the momentum equations,
and its omission will introduce small errors only.

/s and §

* Note: EQX = (-m

ox?inlet tu ™ Mpdintet,

where m__ is the oxygen mass fraction in the incoming oxidant
gtream fSid mey, is the fuel mass fraction in the incoming fuel

stream,




Table 1.

Summary of Equations

Equation ¢ B P¢ S¢
Continuity, 1 pl O 0

Eq. (5)
X-momentum, u Pl M _ 9 9 ,0uy 13 . Vv

Eq. (3) 5x tox M5%) * FaT Cupy)
r-momentum v p u _ 9,9 ,0u 193 . 23v

Eq. (4) r e T e -
Fuel mass

fraction, Eq.(6) P u/Sc:fu Rate fram equation(2).
Mixture
fraction, Eq.(8) £ P u/Scf 0.
NOx~species,

Bq. (6) mj P u/Scj Rate from equation (43).
Stagnation "
enthalpy, Eq.(7) h plu /Pr'l\]» 0 (except for boundary fluxes;

see section 4.3).

10




® Since the flow is turbulent, time-average values of
flow variables and effective values of the exchange
coefficients must be used.

2.4 Boundary conditions

Boundary conditions are required for the dependent variables at all
the boundaries of the flow domain. These are now discussed below.

2.4.1 Inlet boundary

(a) u-velocity : The inlet u-velocities of the fuel and air
Streams are obtained from their specified mass flow rates via the
continuity relations:

M.

v, = fo
fo T 2
Pruer (7 Dg) (an
o m,
ao

, v 2 2
Pajr T (P1,37D¢) (12)

(b) v-velocity : The inlet v-velocity is assumed to be zero.

(¢) Pressure : The inlet pressure is assumed uniform at the
specified value of Po.

(d) Chemical species and mixture fraction : In the inlet fuel
stream, the fuel mass fraction (and mixture fraction) is set to
unity; all other species mass fractions are set to zero. In the .
inlet air stream, the oxygen mass fraction is set to 0.232, and
the nitrogen mass fraction to 0.768; all other species mass
fractions (and mixture fraction) are set to zero.

11



(e) Stagnation enthalpy : The inlet stagnation enthalpy in the
fuel and air streams is calculated from the specified inlet
temperature and mixture composition by the equations given in
Section 5.2,

2.4.2 Outlet boundary

(a) u-velocity : The outlet boundary condition for u-velocity is
assumed to be that of zero axial gradient, i.e.

du _
5% = 0 at the exit | | ; (13)

(b) yv-velocity : The outlet v-velocity is assumed to be zero,
this follows from the outlet boundary condition on u-velocity.

(c) Pressure : For pressure, an outlet boundary condition of
uniform pressure is employed.

(d) Chemical species, mixture fraction and stagnation enthalpy

The outlet boundary condition for chemical species, mixture
fraction and stagnation enthalpy is again assumed to be that of
zero axial gradient, i.e.

am. 3

7 = O (14)
af 0 ‘

X ) at the exit (15)
n

3h _

X ‘ ' (16)

2.4.3 Axis of symmetry

At this boundary, a condition of zero radial gradient is assumed

12



for all dependent variables except the v-velocity which is set to
zero.

2.4.4 The wall boundaries

The treatment of wall boundaries is discussed in Chapter 4 after
the finite-difference equations have been derived in Chapter 3.
The reason is that the treatment of the wall boundaries requires
reference to the finite-difference equations,

2:5 Auxiliary Relations

In this section some auxiliary relations, and the assumptions
associated with their use are introduced. These relations ave
used for the calculation of fluxes and certain properties.

2.5.1 Flux laws
Implicit in the differential equations given in Section 2.3 are
the flux laws for the transport of momentum, mass and heat. These

laws will now be summarised,; for laminar and turbulent flows.

(a) Laminar transport properties:

(1) \Viscosity: Newton's law of viscosity for momentum
transfer, relating the shear stress tv to the local
velocity gradient, through the laminar viscosity, u,
can be expressed for simple flows as:

T = w(3u/3y) (17
(ii) Diffusion coefficient: Fick's law of diffusion for mass

transfer, relating the diffusion mass flux Jj, to the
concentration gradient, through the exchange

13
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coefficient, Pj, has the form:

Jj = -Pj (ij/ay), for the species j (18)

The diffusion coefficient PJ is obtained from the
definition of Schmidt number. Thus,

Pj = u/Sc:j (19)

It has been assumed in the solution procedure that the
Schmidt numbers for fuel and oxygen (and all the other
species) are equal to each other, and also uniform
throughout the flow field.

(iii)Thermal conductivity: Fourier's law of heat conduction,

relating the heat flux Q to the temperature gradient,
through the exchange coeffizient, Pﬁ, can be written as:

Q = ’I"}\’l G(aT/a‘Y) (20)

where ¢ stands for the constant-pressure specific heat
of the local gas mixture.

In the present analysis, rﬁ is obtained from a knowledge
of the mixture viscosity i and the laminar Prandtl
number : ‘

(21)

In general, the laminar Prandtl number (or the exchange
coefficient Iy itself) can, if desired, be specified as
any arbitrary function of temperature and composition;
this will make Pg depend upon temperature and composition
in a way different from u.



(h)

Tarbhulent trausport_prqpertias:

For a realistic modelling of the flow, the effect of turbulence
has to be included whenever appropriate, The scope of the
present contiract does not permit the treatment of turbulence

by { 2ans of a sophisticated model, Instead a simply zero-
equation model of turbulence is employed.

(1) Viscosity: The turbulent shear stresses are linked to

the local velocity gradient through a laminar-like
stross-strain law:

s l
Ty

. “

t = Nogp (22)
For the present work, the effective vigcosityils assumed
to be unitorm throughout the flow fiald. This unitform
-value is obtained trom an empirical relation which

gives a value of LI of tha same order as expected in

flows of the type under consideration:

- Qﬁls(mf0+maa)

(33)
Dyi

Hott

where Mo and My, Axe the inlet fual and air mass Tlow
rates and D1 i is the inner diameter of the innexr tube,
3

{ii) Diffusion coefficient and thermal conductivity: The
effective diffusion coeffiecients for.the transfer of
wass and energy are obtained from the definitions of
Schmidt and Prandtl numbers respectively.

Thus, for mass trnusxey, Popp ™ u6££/Schf (24)

| for sanstoy \ - /Py
and for heat transfer, Tiope = Wope/P¥oep

W

A4
B
<y
s



2.5.2 Temperature of the mixture

The temperature of the mixture, T, at a given point in the flow
field, is obtained from known local values of the stagnation

enthalpy B and the composition of the mixture as follows: *
n NS
h= I . h,
mJ hJ (26) .
J=1 "

where the species enthalpy hj is obtained by the method described
in Section 5.2 on thermodynamic data. The fluid temperature is then
obtained as described in Section 5.2.

2.5.3 The ideal-gas equation of state

For a given temperature, the pressure and the density are assumed
to be related through the ideal gas-equation:

pRT

p = BT (27) -
W .
where W,thekmean molecular weight of the gas mixture,is given by *
_ NS
W=1/2 (mj/wj) (28)
j=1

2.6 The Chemical-Equilibrium Model

2.6.1 Introduction

The chemistry involved in the hydrocarbon-oxidation process (Sec.

2.2.1) will now be described. The oxidation reaction is assumed

to be a single-step one and results in some product species. These
species are in chemical equilibrium at the prevailing pressure and
enthalpy. Their concentrations are obtained from a model which ™
is based on the minimization of Gibbs free energy. The method

16 ‘ =



has been described by Gordon and McBride (Ref. 2).

2.6.2 Species considered

The equilibrium products of combustion are considered to consist
of the following species: CO, 002, HZO’ 0, H, H,, and OH, together
with unburnt 02 and CH4, and N2' The last of these is assumed

to be inert in the equilibrium reactions.*

2.6.3 Equations of chemical-equilibrium

The chemical-equilibrium equations to obtain the concentrations

of the equilibrium-product-species have been discussed in

detail in Ref., 2. Here the basis of their derivation will be only
briefly described. The condition of chemical equilibrium is the
minimization of Gibbs free energy subject to the following
constraints: (a) mass balance for the elements present in the
system; (b) specified enthalpy and (c) specified pressure. Since
the resulting equations are not all linear, they have to be solved
by an iterative procedure. The numerical method of solution

of these equations is described in Section 3.5. Here the basic
steps for obtaining the chemical-equilibrium composition are
considered.

2.6.4 Procedure for obtaining chemical-equilibrium compositions

The basic steps for obtaining the concentrations of the species

co, COz, H, H,, H20, O, and OH are:

® The stagnation enthalpy, k, the mixture fraction, f, and

the mass fraction of unburnt fuel, m.e are obtained

u’

* N, is of course not inert in the NOx—formation reactions; but
these will be treated separately (Sec. 2.7).

17
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from the solution of the respective partial differential
equations (7, 8, and 6).

The mass fraction of unburnt oxygen, Mox? is obtained
from: '

f-f
St)s

m = (m - ——
ox fu _ (29)
1 fst

where fst is the stoichiometric value of f£. Should the
value of Mox be less than zero, during the iterative
solution, it is set equal to zero (or a small quantity

for programming convenience).

The mass fraction of the equilibrium-product-species

m is given by:

pr?

mpr = (£ - miu) (1 + 8) (30) :
The mass fraction of nitrogen, mNZ' is given by: :
mN2 = 1 - Mpy = Moy = Moy = g my (31)

where the summation is carried out over the species N,
NO, Noz, and N20 which are determined through rate-con-
trolled reactions.

The enthalpy of the equilibrium-product-species, h
is then:

pr?

&
Byy = {h - § hjmj} /mpr (32)




where the summation is over all species other than the
equilibrium-product-species (CO, COz, H, H2, HZO, 0, and
OH).

° For a given value of enthalpy (h ) and pressure the
equ11ibrium—product—spe01es concentratlons for stoichio-
metric adiabatic combustion are obtained by means of
interpolations using polynomial fits* in accordaﬁce with
the method described in Section 3.5.4. These concen-
trations are then multiplied by a factor so that they add
to mpr’ i.e.

co * Mco, * ™n T ™1,0 * Mo * ou ~ Mpr (33)

) At this stage, the mass fractions of all species except
the pollutant-species N, NO, NOZ’ and NZO have been
determined. Since the latter are present in small
amounts the values of these from the previous iterative
sweep are used, and the temperature of the mixture
obtained as per Section 3.7.

) The next step is the determination of the mass fractions
of the pollutant species N, NO, NO,, and NZO‘ This is

considered in the following section.

2.7 Treatment of Chemical-Kinetics

2.7.1 Introduction

Oxides of nitrogen are formed during the course of combustion

* The determination of the polynomial coefficients is done external
and prior to the main computer code.

19
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reactions involving air as oxidant. These species are considered
separately from the equilibrium species since their formation

is governed by much slower kinetically-controlled reactions. The
determination of the concentrations of these pollutant species
involves a treatment of chemical-kinetics. This is discussed in
the following sub-sections.

2.7.2. Species and reactions

The chemistry involved in the fommaticon of nitrogen oxides will now be
described. The model employed incorporates one of the
simplest and most widely used mechanisms for calculations in-
volving nitric oxide formation, namely the Zeldovich mechanism:

1. N, +0 SNO+N (34)

2. 0, +N FNO+O (35)
In addition to the above two reactions, the following reactions
with the species Nz, 02, O, H, and OH may be involved in the
formation of the oxides of nitrogen, and are considered in the
present work:

3. N+ OHFNO +H (36)
4. H + N0 ¥ OH + N, (37)
5. N,0 + 0¥ NO + NO (38)
6. N0 +M¥ N, +0+M (39)
7. M*N+O0FM+NO (40)




+4

8. NO, + 03 NO + O, (41)

2

S0+NO+M (42)

9. NO, + M
The choice of these reactions is based on a study of published

literature (e.g. Ref. 6). Although some of these reactions
have large rate constants, they usually involve species which are
present in very small concentrations; hence their contribution
towards the formation of nitric oxide is often small compared to
that of reactions (1) and (2). Under fuel-rich conditions,
reaction (3) may be sigrificant.

2.7.3. The chemical-kinetics equations

The chemical-kinetics equations have been discussed in detail in
Ref. 3. These equations are used to determine the concentrations
of the pollutant species. Here the equations will be only briefly
described. The conservation equation for species j has been

given in Section 2.3 (equation 6). Attention is now centred on the
source~term in this equation.

The source Sj of species j is the mass rate of creation of species
J by chemical reaction and is given by:

M A
— " -
Sy =& (@ - oy (Ry =R y) (43)
Jj=1
The forward rate, Rj of reaction j, is given by the Arrhenius
expression:
a, NS (a'y =a', .)
— <nB: m N. J J o kJ°
R.] = 1073 T 73 exp(—Tactj/T) (pdm) I (pck)
_ k=1

(44) %

* See nomenclature for explanation of symbols,
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The backward rate, R-j of reaction j, is given by a similar
expression.

In the calculation of rates of production of N, NO, NOZ,’and N20 .
by means of the above equations, the concentrations of the -
other species (which have already been determined by a chemical-

equilibrium analysis) are assumed to remain unchanged. The -

Justification for this assumption is that these species are mainly
produced by reaclions which are considerably faster than those
involving NOx production; therefore, the amounts of these species
consumed (or produced) by the NOX - reactions are negligible. The -
numerical method of solution of the species-conservation equation
(6) is presented in Section 3.6.

2.7.4 Procedure for obtaining chemical-kinetics compositions

The steps for obtaining the concentrations of the species N, NO,

NOZ’ and NzO, are: N
e The variables u, v, ﬁ, Meyr Moo and the mass fractions '
of the chemical-equilibrium products are first obtained .
(Section 2.6.4). '
) The species-conservation eduations are solved to obtain
the mass fractions of N, NO, N02, and NZO' ,
° The mass fraction of nitrogen, m, , is adjusted so that

all the species mass fractions ada to unity.

=1 - I m,

j» 3 =1, NS except for N,. (45)
2 J N
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3. THE NUMERICAL SOLUTION PROCEDURE

3.1 Introduction

From the preceding sections it is seen that the differential
equations under consideration are all non-linear and coupled
together. Foxr the flow under consideration there is no possi-
bility for obtaining analytical solutions to them, and numerical
methods have to be used. In this case a finite-difference
technique is used which combines the main features of the SIMPLE
algorithm of Patankar and Spalding (4) and the NEAT algorithm of
Spalding (5); these features include:-

° solution of a sufficiently-general single form of
differential equations;

° use of pressure and velocities as the main hydrodynamic
variables;
° use of the pressure-correction technique for satisfying the

continuity equation;
° provision for use of non-uniformly spaced grids;
) use of staggered storage locations for velocities;

° derivation of finite-difference equations by integrating the
' differential equations over finite control volumes;

° use of an upwind-differencing scheme for convection terms and
a central-differencing scheme for diffusion terms;

° enforcing of reciprocity of convection and diffusion fluxes
through common walls of adjacent cells,
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° line-by-line solution of the finite-difference equations;

° updating of all dependent variables, in sequence, on a line;
and
[} frequent adjustment of velocities and pressures in order to ensure the

satisfaction of overall mass conservation and overall momentum
conservation, across sections.

3.2 The finite-difference grid

3.2.1 The cross-stream arrangement

The values of the fluid properties are calculated on a grid of
which the nodes lie at constant values of the axial distance x and
the radial distance r. Fig. 2 shows how the r-coordinate
stretches from the value O at the symmetry axis to the value R

at the wall of the duct. Between r=0 and r=R lie NY-2 '"grid
points'", i.e. arbitrarily chosen locations at which the ¢ values
are computed; these are indicated by e's along the base of Fig.2,
through which pass vertical full lines. NY is the total number
of r nodes, including the boundary values O and R.

Halfway between adjacent pairs of grid points in the range 2 to
(NY-1) are drawn vertical broken lines, dividing the whole r range
into (NY-2) intervals. The value of any dependent variable ¢ is
supposed to be uniform within the interval; the fact is illustrated
by the step-like ¢-distribution of Fig. 2; the horizontals stretch
from one broken line to the next.

The ¢'s in these intervals are distinguished by subscripts: ¢2,
¢3"'¢i—1’ ¢i"¢i+1"'¢NY—2’ ¢NY—1’ The boundary values are ¢1
and ¢NY‘
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3.2.2 The longitudinal grid

The distribution of the longitudinal grid is similar to the cross-
stream arrangement. The value of Ax, the increment in x between
successive grid nodes, can be varied at will. As is usual in
numerical work, small values of Ak (and also Ay) increase
accuracy, but also computer. time and storage. The right choice
always represents a compromise.

3.3 The Finite-Difference Equations

3.3.1 Motive and method

A five-node finite-difference relation will now be derived
connecting the value of a dependent variable ¢i at a node P with
those of:~ (a) its two neighbours at the same x-value, ¢i+1 and
¢i-1; (b) its two neighbours at the same r-value, ¢E and ¢w. This
is to be a linear formula of the form:

Dj ¢35 = A5 9549 * By 054 * Ag b5 * Ay by *+ 8, (46)*
where AW’ AE’ etc., will be treated as constants, the expresSions
for which are derived by integration of the difierential equation
(10) over a control volume surrounding the node where ¢i prevails.
There will be an equation like (46) with individual coefficients,
for each grid point, other than those on the boundaries, and for
each of the dependent variables, u, v, ﬁ, M, and f.

In equation (46), the ¢ value at the W (upstream) station can be
regarded as known. The ¢ values at the E (downstream) station

* 45, $;47, and ¢, 4 are also alternatively referred to as ¢P’ Py
and_¢sbrespectively; Ai and Bi as AN and As respectively.
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are regarded as temporarily known, either from the results of a
previous iteration, or from an initial 'guess' or estimate. It
is therefore useful to combine the last three terms on the
right-hand side into one, thus:

Ci = AE ¢E + Aw ¢w + Su (47)

The result is an equation which focusses all the attention on the
unknown ¢'s namely:

Dy ¢5 = A5 b549 * By &34 *+C4 (48)

i+ G4

and Di can be evaluated, by integrating the differential equation
for ¢ over an appropriate control volume.

It is now necessary to obtain expressions from which Ai’ B

3.3.2 Integration over a control volume

Now the integration of the differential equation for ¢, namely

: equation (10), over a control volume will be considered. Fig.3(a)
illustrates the control volume and its neighbouring ones which
must be considered. First, some general remarks are made

about the locations of the control volume faces. The two control
volumes near the boundaries differ from all the others in that, if
the lower edge is denoted by i-% and the upper by i+3:

for i =2 : r; 4 =0; fori=NY-1 : r,.,=R (49)

whereas for all the other control-volume boundaries the appropriate_
formulae are:
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Fig. 3(a). Illustratior of part of the x-r grid and of control volumes used
for the derivation of the finite-difference equatmns.

Fig, 3(h). A finite-difference cell around a node P
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ri_i = % (ri—l + ri); ri"”b = 3 (ri + ri+1) (50)

Similar definitions apply to the grid in the x-direction:

» for j=2: xj-i = 0; for j = NX-1: xj+§ = X (51)
where X is the total x-dimension of the integration domain, whereas
- for all the other control-volume boundaries the appropriate formulae
“ are:
. = . + ) . = . A
X5 3 3 (xJ_1 xJ), X543 3 (xJ + x3+1) (52)

With these definitions, it follows that the sum of all the control-
volume "heights'" and "lengths" equals that of the whole grid; thus:
NY-1 NX-1
p) (r, - r. ;) =R; b (x. - x. ) =X (53)
i=9 it} i-% " 5=2 j+i i-%
Thus, if conservation is satisfied for each of the individual
control volumes, it will surely also be satisfied for the flow
domain.

It is now necessary to apply the ¢-profile assumption of Fig. 2
and to introduce further assumptions permitting evaluation of the
4 gradients and other terms in equation (10) so as to arrive at

* expressions for Ai’ B C. and Di of equation (48).

i’ Ui
(a) Diffusion and convection terms

The west face of the cell with area By Fig. 3(b), is first con-

sidered. The finite-difference expression for the diffusion

flux Jdiff,¢,w is given by:

andiff,¢,w =T awr'd),w (¢P—¢W)/6w (54)

where

T = + I, . 55
pow = 2 Tow ™ To,p) | (59)
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The finite-difference expression for the convection flux

Jconv,¢,w is given by:

quconv,¢,w = uwaw‘bwpw (56)
where

dyPy = Gy oy Tor agu,e o | L :

(57)

¢P Pp for a,u,< o
Expressions (57) are the consequence of the use of an upwind-
differencing scheme for the convection terms.

By combining the diffusion and convection‘fluxes, the total flux

through the west cell face, Jtot,¢,w ‘ig obtained as:

- For Cw * 0 : antot,¢,w = (Dw + Cw)¢w - DW¢P (58)

Fog Cy <0 antot,¢,w = Dyby - (Dy, - Cw)¢P (59)

In the above expressions:

Dy = Ty w 2y/Oy « (60)
Cy = UylyPy | : (61)
and Py = Pw for Cw 30

(62)

"

pP for Cw < 0
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Similarly, for the east cell-face:

. : = -
For ce 20 : aeJtot,¢,e De¢E + (De + Ce)¢P
For Ce R 0 aeJtot,¢,e = - (De - Ce) ¢E + De¢P

In the above:

De g r&,e ae/Ge
Ce 2 ueaege
and Pe E PR for Ce <0

15

Pp :for-Ce 30

(63)

(64)

(65)

(66)

(67)

Corresponding expressions for the total fluxes may be devised for

the north and south cell faces.

Let: Ay = ‘coefficient of ¢y in the
xpression for a J
exp Tor aydiot, o, w
Ag = ‘coefficient of ¢p in the
expression for a J ; etc.
pr e tot,¢,e '
In terms of the D's and C's, these can be conveniently

expressed as:

A max (Dw, D + C

W w w)

I
1l
g
A
”~~
o

De - Ce) , etc,

(68)
(69)
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where max (A,B) denotes the larger of A and B.

Then, the volume integral of the LHS of equation (10) may be
written as:

JSJ ( LHS of 10) 4V
vol

H

= By Jtot,¢,w toag Jtot,¢,e - 8g Jtot,¢,s

+

% Jtot,¢,n

S

1l
- D

(Ajdp - A9, = {C, - Cg - C  + .l (70)

where I stands for the summation over the four nodes N, E, W
and S. ¥

Now, the terms in the curly brackets represent the net mass flow
into the cell and should be zero by continuity. Therefore the
following equation may be written:

SrJS (LBS of 10) dV
vol :

i Yi ; (71)

(b) The source %“erm

In general the source term in equation (10) is not zero. Moreover,
its composition may vary enormously with different ¢'s and foxr best
results different practices may need to be used for the evaluation
of the integral of the source term over the cell volume. There-
fore, generally it is assumed that the volume integral can be

split into two terms as:
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Jrr s, dv = Su + SP ¢P

volL ¢ (72)

‘where Su and SP are two functions whose composition depends on

the particular ¢ considered. If there is no dependence of the
integral on ¢p, Sp can be put equal to zero.

There are many occasions where it is possible to have several
different arrangements for the two functions Su and Sp. In

these cases, a simple rule is to choose an arrangement which gives
a negative value to SP; this helps to promote numerical stability.
When the particular ¢ under consideration is known to assume
positive values only (e.g. species concentrations), one should

in addition try to ensure that Su is always positive,

(c¢) Final form of the finite-difference equation

Equating expressions (71) and {72) gives the finite-difference
equation for ¢p as:
Aty * AgPp t Aty * Agbg * S

u

R

bp = (Aw + Ap Ay + AS) - Sp (73)
In the above equation the A's are given by:

Aw = max.(Dw, D, ¥ Cw) (74)
Ap = max (D, Dy - Cg) (75)
AN = max (Dn, D, - Cn) (76}
Ag = max (DS, DS + Cs) (77)



The D's and C's in the above equations are given by:

Dy 5 % (Ty w *+ Ty o) a /8, (78)
D = 4 (Ty p * Ty ) 8 /8, (79)
Dy =% (Ty n + Ty ) /8, (80)
Dg 54 (Ty g *+ Ty p) ag/8g (81)
Cy = APy (82)
Ce £ B UeP g (82)
Cp & a,v, 0, (84)
Cq T a v oy (85)

It is worth remarking that the A's are always positive; this has
been ensured by the use of upwind differencing in the convection
terms.

Later it will be shown that staggered locations for the velocities
will be used. In accordance with this, velocities are actually
stored at locations marked by arrows in Fig. 3; in this case the
velocities will be referred to by capital subscript according

to the following:

V. =V

e P v Uy W * Vn p and Vs = Vs

The u-velocities are stored on the east face of the continuity
cell and v-velocities on the north face of the cell.
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3.3.3 The momentum equations

The finite-difference momentum eguations have the same final form
as that for the general ¢ equation, viz. equation (73). However,

» in the derivation of the equation, two differences in practice

may be identified. TFirstly, different finite-difference cells

are used. This arises because of the adoption of staggered

R storage locations for the velocity components. Thus, the finite-
difference equation for u is derived by integrating the x-momentum
equation over the cell shown in Fig. 4(a). This cell is formed
by two adjacent constant x-grid lines and two lines drawn mid-way
between adjacent constant-r grid lines. A different but similarly
constructed cell is used for v, as shown in Fig. 4(b).

The swcond difference lies in the way the diffusion and convection
terms (i.e. De' Dw, Ce’ Cw) through the cell faces are evaluated.
These terms, for a velocity cell, are all obtained from those for
the ¢ cells which overlap the particular velocity cell in question.
Thus, the term, diffusion or comnvection, through the west face of

» the u cell, Fig. 4(a), is obtained as the arithmetic mean of the
corresponding fluxes through the west and east faces of the
continu;.ty cell enclosing the node P, i.e. for a u cell (Figure

4(a)),

Aw = max {}X(De + Dw), % (De + Dw) - 3% (Ce + C“‘); (86)

A

i

g = max {3(D, * Dg)y ¥ (D + D) - % (C + CY (87)

e

Cee

]

convecetion flux through the east face of the continuity cell
surrounding node E (Fig. 4(a)).

]
il

diffusion flux through the east face of the continuity cell
surrounding node E (Fig. 4(a)).

ee

Exactly similaxr procedures are adopted for the other cell faces
and for the v-cells. This practice offers two main advantages:
computational simplicity, and, more consistent satisfaction of
the conservation principle for the different types of cells.
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for P

Finite-difference
cell for up

(a) A u-cell

Finite-difference
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'
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{(b) A v-cell

" Fig. 4: Diagrams illustrating the finite-difference cells for the

component velocities.
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3.3.4 The pressure-correction equation

A special practice is adopted for the solution of the continuity
equation., The sequence is as follows:

(i) Using an estimated (or previous iteration) pressure field px,
the x- and r-momentum finite-difference equations are
solved. This gives a first approximation to the velocity
field (designated the'starved'velocity field, w¥ and wv¥),
Thig field in general does not satisfy the continuity equation.

(ii) Correction u', v' and p' to the starred velocity field (u*,
v*) and the estimated pressure field p* are derived from the
continuity equation. These corrections are added to the
starred fields:

u = u¥ + u' . (88)
v = v¥ + y' ' (89)
p = p* + p' (90)

This results in a velocity field which is in local continuity

balance.

(1iii)In addition to the above steps, block adjustment techniques
are used at intermediate stages (see Sec. 3.8) in order to
obtain integral mass and momentum balances.

The derivation of the equations for the corrections u', v', and p'
will now be considered.

Figure 3(b) shows a cell around the node P together with the
velocities crossing its four faces. The velocity u,, is corrected
for continuity using a correction uﬁ which is assuméd'to result
from changes of pressure at locations on both sides of it, i.e.
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pi and pé, according to:

au ou
ul = ___B p’ + .._...12. p“'
P Bpp P 8pE ) (91)

Now, the finite-difference equation for up can be written as
(general form being equation (73)):

(z;Ai - Splup = gAiui + {ae(pp-—pE) + su} (92)

where i denotes the summation over the four neighbouring nodes N,

E, W and S; the Su component of the source term has been split into
the terms inside the curly brackets to show the pressure-gradient
term explicitly; and ag is the area of the east cell-face. Assuming
that all the coefficients in (92) are not affected by changes in

the p's:

a

up, = '<-D—“"£)> (p% - PR | (93)
= TA. - ' 94
where DP :z,i:Al sP (94)

Other velocity corrections can be derived similarly.

By requirihg the satisfaction of continuity (i.e.equation (5)
integrated over ag¢ cell),

L 3 * P * -
aeee (uP f uﬁ) = ByPy (uW + “w) * 21Pn (VP + VP) -

- &

* . ’
sPs (Vg t vg) = 0 | (95)

where Py and pe are as defined in equations (62) and (67); Pn and

p_ are similarly defined.

s
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By substituting velocity correction equations, such as (93), for

-

u%, u&, vp and Vé into equation (95) an equation for the pressure-

correction p' is obtained. The equation will have the standard
form, i.e.:
DP Pp = ?Aipi + Su (96)

where I denotes summation over the four neighbouring nodes.
i

Thus the above equation can be solved by the same techniques as
used for all the other finite-difference equations.

3.3.5 Section-wise momentum balance

During the solution of the momentum and continuity equations,
section-wise momentum balances are performed in order to procure
integral conservation of momentum across the strip of finite-
difference cells currently being solved for. The procedure is
termed as SNIP i.e. Start the momentum equations with a New
Integration for Pressure, since it provides a starting guess of
the pressure field (i.e. the p* field of Sec. 3.3.4) for the
solution of the momentum equations.

The procedure consists in adding up all the terms of the x=~
momentum finite-difference equation along a line of constant x
and making this sum zero by block adjustment of pressure. The
formula for the adjustment of pressure is obtained from the x-~
momentum finite-difference equation (92) as:

_ ?[ 2(83=SpYup - DAy

Ap = - (97)

(Total area of strip normal
to the x-direction)

where % denotes the summation over all cells at the x-location
J
under consideration and % denotes the summation over the four
i : ’
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neighbouring nodes.

It should be noted that AP is added to all pressures downstream of
the column of cells under consideration. An option is provided for the user
to switch the above procedure off by setting the index ISNIP=1.

3.4 Soiution of the finite-difference equations

3.4.1 Solution procedure

The numerical procedure used to solve the finite-difference
equations is an iterative one, requiring the flow field to be
swept repeatedly until termination, either through having
satisfied the convergence test, or through some other control.

In a sweep of the field, strips of finite-difference cells along
constant-x grid lines are considered, one by one; hence the
procedure progresses line-by-line. The extent of the field
covered during forward and reverse marches is shown in Fig. 5. At
each line, all the dependent variables are considered, one after
another, and, for each variable, finite-difference equations are set
up, one for each of the cells on the line, Fig. 6. These finite-
difference equations are solved before the next variable is con-
sidered. Thus, the equation set, dealt with each time, consists
of the finite-difference equations for all the cells along a grid
line. Since all the finite-difference equations have the same
general form of (73), the equation for one of the variables ¢

can be written as:

by (B Ay = Spy) = I Ay 05 Sy

J (98)
In the above equation the subscript Jj reférshto the cell on the
jth constant -r grid line ; ¢5 is normally calculated for all
the control cells in the line viz. from, j=2, to j=N-1. The
values for j equal to 1 and N are the boundary values, which
must be specified, while the other values ¢ on the line are
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(b) Reverse March

Fig. 5: The extent of the field covered by the cross-
stream TDMA during forward and reverse marches.
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calculated. Symbol I denotes the sum over the four neighbour
nodes of j. i
The above set of equations (98) which has to be solved for the
unknown ¢'s is of a form which enables the solution to be
obtained using the well-known tri-diagonal matrix algorithm
(TDMA) . Details of this method may be found, for example in

Ref. 1.

3.4.2 Under-relaxation

The solution procedure described above involves the solution of

the finite-difference equations which are expressed in a linearised
form. However the equations are not truly linear; ‘therefore,

an iterative solution procedure is required to continually

update the coefficients until a converged solution is obtained.

If the changes in the values of the variables from one iteration

to the next are large, there is a possibility that convergence

may not be achieved at all. To keep these changes sufficiently
small, the dependent variables are suitably under-relaxed. Two
forms of under-relaxation are described below.

(a) Imnertial under-relaxation

The central idea in inertial under-relaxation is to under-relax
the variables selectively at those locations where the source
term in the equation is large compared to the convection and
diffusion terms. At such locations, changes in the source term
produce large changes in the variable, which may then result in
divergence. Inertial under-relaxation limits the changes in
the variable by imposing a gradual change in the source term.
This is achieved by adding a term a(¢°—¢P) to the source term,
where ¢° is the previous iteration value of ¢, and 'a' is a
constant. The additional term has the opposi%e sign of the
changes to the source term; and it therefore diminishes the
extent to which the source term is changed.
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When convergence is achieved ¢° -+ ¢P’ the additional term tends
to zero; and therefore the solution obtained is the solution of

the original equation. The calculation of the constant 'a' will
now be described.

Consider, for example, that the changes in ¢ between successive
iterations should be restricted to 5 per cent,

¢p" ¢O

= 0.05 (99)
4°

For small ; Ai¢i the finite-difference equation (73) for ¢p can be
approximatéd by:

(ZA.-Sp) ¢p S
i i"~P P ~Fu (100)

If Sg is the previous iteration value of Su corresponding to ¢°,

and assuming (ZAi—SP) to remain approximately constant,
' i .

(34;-Sp) (4p=0°) & 8,=5,” (101)
The additional term a(¢° —¢P) is added to the right-hand side of

this equation giving:

(ZA;-Sp) (0p=9°) & (S,=8.) + a(4°-0p) (102)

Therefore, from equations (99) and (102),

| Sy=Sy~
a + (ZA;-Sp) g 20 (_—_¢° ) (103)
1
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Since (EAi-SP) is usually small compared to a,
i

20 (S, -8 %)
a — (104)
' ¢

This value of 'a' will limit changes in ¢P to 5 per cent. When
oscillations or divergence are being observed, it is necessary
to increase the value of 'a'. However, care is to be taken to
see that the solution is not 'frozen' by excessive under-relaxing.

In the present work inertial under-relaxation is employed only
for the u- and v-velocities, since experience has shown that it

is not necessary to under-relax the other variables.

(b) Use of an under-relaxation factor

The second method of under-relaxation is to consider the value of
¢ to be a weighted mean of its current-iteration and previous-
iteration values.

This method is employed only for pressure and amounts to modifying
equation (90) as:

p = p¥ + (xp p' . (105)
where ap the under-relaxation factor lies between 0 and 1.

3.5 Solution of the Chemical-Equilibrium Equations

3.5.1 Solution procedure

- The chemical-equilibrium equations were discussed in Section 2.6.
They are solved by the procedure given in Ref. 2. The salient
features of this technique are described next.
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The Newton-Raphson iteration method is used to solve the
equilibrium equations. " The correction variables ave (NIM + 2) in
number, where NLM is the number of distinct elements in the
system being considered (there are three in the present case,
i.e. C, O, and H). The corresponding correction equations are
obtained after appropriate linearization as follows.

(a) The correction equations for the conservation of elements
are expressed in terms of the non-dimensionalized Lagrange

multipliers, Ty as:

NLM NSE L NSE

I (% aj, a;0.) T +( X Aloga
oy GEy Mk M0k T 251

+'{N§E al o (h Y}AlogT = NSD al o ( Ky =1, NLM (106)

(b) The correction equation for the reciprocal of the mixture
molecular weight, oy 1s:

NLM {NSE L ) '{NSE "
bX I a, T, +1 L o, - ¢ }logo
i=1 k=1 ik%k i k=1 K m m
{NSE h ; "*  NSE NgE (gk) (107)
+ ¢ = (v ,) _ L qg+ o} R
k=1 % 'RT’’ AlogT = Oy = ko1 K -1 k RT

(¢) The correction equation for temperature is based on an
enthalpy balance condition (i.e., enthalpy of the products
is specified) and is:

NLM NSE L NSE h,

h
121 t kil ik%k (RT)} L {kil (RT)} Alogo,
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NSE o NSE h
k Tk, 2
+ {2 o, (£ + 1 o, (59)°) AlogT
oy kR ko1 Xk °RT
h NSE h NSE h g
= _pr _ k LS k
R 2 % R0 Y 2 % GRP) (D) (108)

where hpr is the enthalpy (sensible & chemical) of the
equilibrium-products and is obtained from equation (32).

The correction equations (106), (107), (108) involve the unknowns
T4 (i=1, NLM), Alogcm, and AlogT. They are solved by a

standard Gaussian elimination procedure. The correction matrix
will become singular at the solution point when the coefficient

of Alogom in equation (107) is identically =zero. This potential
singularity is avoided by a single interchange between the row
involving the zero coefficient of Alogom and any other row (in
practice, the row with the largest coefficient of Alogdm is
selected.) All other diagonal elements are positive and do not
require special treatment.

The new values of the variables are then obtained as:

h NLM

g
Dby k L _ ,
Aloga, = (ﬁT) AlogT - (ET) + Alogcm + iil ayy “i, k=1, NSE
(110)
logo, 1) = 10ga; () 4+ n(atoge ), i=1, NsE (111)
(k+1) _ (k) « (k)
logcm = logcm + n(Alogcm) | (112)
logT (¥*1) = 1561 ) 4 n(alogT) ¥ (113)
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where the superscripts indicate the iteration number, and n is an
under-relaxation parameter (0<n&€l). The determination of n and
the convergence criterion are discussed in Section 3.5.3.

3.5.2 Initial estimate of species mole-numbers and temperature

The initial estimate of the species mole-numbers is based on complete

- stoichiometric combustion. Thus if x and y are the number of
§ kg-atoms of carbon and hydrogen respectively, per kg of mixture,
E the initial estimate is given by:
%o, = % (114)
o =vy/2
H,0 (115)

All other mole numbers are set equal to a small number 10"6.

The initial estimate for temperature is obtained from an adiabatic
enthalpy balance for the assumed composition and the given mixture
snthalpy. The procedure is the same as that described in Section
3.7.

3.5.3 Under-relaxation and convergence criterion

The self-adjusting under-relaxation parameter n similar to that
of Ref. 2 is used here. This parameter is determined at each
iteration from:

n = minimum of (1, ny, Ny) (116)

where ny and N, are quantities which are defined below.
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(a) For T, o

(b)

. . -8
m’ and species with (Ui/cm) >10

N1 is defined as:

and Alogdi>0,

0.2
"1 © wax (]AIogT],|Alogs, |, ALogo, 1) (117)

This causes the correction of the variables T, O and o

to be scaled so that none of the variables is increased by
more than a factor of 1.22 (=exp(0.2)) on any one iteration.
This is different from the definition of N4 in Ref 2, which
permits maximum increases by a factor of up to 7.39 (=exp(2))
on any one iteration.

For species with (cri/cm)<10"8 and Alogci>0, Ny is defined
as:
-4
_ log (10 7)) - log (ci/cm)
Ny = (118)

Alogci - Alogcm

This scales all the corrections so that the species with
o, initially less than 10~8 increase to no more than 1074,

A convergence criterion similar to that recommended in

Ref. 2. is used. This is:

9 -10

() | Alogo,| €1.0x107"", i=1, NSE (119)
m

and

10

!Alogcm] €1.0x10" (120)
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3.5.4 Polynomial fits for equilibrium-product-species concentrations

The equilibrium compositions are represented in terms of poly-
nomials of enthalpy at different pressures. The polynomial
coefficients are determined in computations external and prior
to the main computer code. The steps for obtaining these
polynomials are now described.

The equilibrium compositions are computed by the method of Section
3.5.1 for several values of enthalpy at different pressures.

At a given pressure, the logarithm of the equilibrium-species

mass fraction is represented as a polynbmial of enthalpy. ,
There are two distinct polynomials (one over each of two ranges of
enthalpy), both of third order, for each of the species. The
logarithm of the species mass fraction is used since the variation
in mass fraction over the enthalpy range is a few orders of
magnitude (for species like O, H, OH etc.). In the main code,
when the equilibrium composition is required for a particular
enthalpy and pressure the polynomials are used to calculate the
species mass fractions,

3.6 Solution of the Chemical-Kinetics Equations

3.6.1 Solution procedure

The chemical-kinetics equations were discussed in Section 2.7.
They are solved by the procedure described in Ref. 3; it will be
only briefly described here.

Thebprocedure involves a point-by-point simultaneoué solution

of all the pollutant concentrations (i.e. N, NO, N02, and NZO)'
The line-by-line procedure which is used to solve for other
dependent variables (u, v, ﬁ, f, and mfu)_is not suitable for the
solution of the chemical-kinetics equations. The reason is that
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the concentration of any pollutant species at a point depends
more strongly on the concentrations of the other pollutant

species at the same point rather than its own concentration at
neighbouring points. The line-by-line procedure would, under

such conditions, require an excessively large number of iterations
to achieve convergence (e.g. Ref.3).

The Newton-Raphson method is used to solve the chemical-kinetics
equations. The correction equations for the species mole numbers
are expressed, after appropriate linearization as:

NSK M
*' ' . —— r
£ {Apod iy + @_ (aij akj)(Rj aﬁj R-j aﬂj) Alogck}
k=1 j=1
" A
= X o - i 1 — 1" — 3= )
AL(0 *=0,) §=1 (afy - ofy) (Ry-R_j), i=1, NSK (121)

Equations (121) involve the unknowns Alogdk (k=1,NSK). The
equations are solved by a standard Gaussian elimination procedure.
All the diagonal elements of the correction matrix are positive,
so that no matrix conditioning is necessary.

The new values of the variables are then obtained as:

(k+1) _

logo, logo; ¥) + n(alogoy) ), i-1, wsk (122)

where the subscripts indicate the iteration number and n is an
under-relaxation parameter (0<ngl). The determinaticn of n,
and the convergence criterion, are discussed below.
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3.6.2 Initial estimate of the mole numbers of pollutant species

The initial estimate is obtained by setting the concentrations

of the pollutant species at any grid node equal to those at the
corresponding upstream node. For the very first set of cross-
stream points, the initial estimates of the concentrations are
set to a small number, 1’0'15 to 10-20. This procedure is followed
when sweeping through the integration domain for the first

time. For subsequent sweeps, the values at the particular grid
node from the previous sweep are used as the initial estimates
for the solution of the correction equation (121). |

3.6.3 Under-relaxation and convergence cr;@grion

The self-adjusting under-relaxation parameter of Ref. 2 is used
without modification (see also Section 3.5.3). The solution at
any grid node is assumed to have converged when the concen-
trations of the NOx—species remain within a certain value from
one iteration to the next.

3.7 Solution of the Auxiliary Equations

The auxiliary equations were djiscussed in Section 2.5. Of these
only the equations dealing with the temperature of the mixture
require an iterative solution procedure; the other equations
involve straightforward algebraic expressions. All heat
transfer effects affect the enthalpy equation which in

turn affects the fluid temperature according to equation (146) of
Section 5.2.

The temperature equation (26) is solved by the Newton-Raphson
iteration method. The Newton-Raphson correction equation for
temperature is:

NS . NS
-1 h, = .. ) A 123
h §=1 myhy (Ty) = 3_:=1 Cpy (Ty) my) AT, (123)

JO—
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Tyey = Ty + AT (124)

111

where Tk the temperature at the kth iteration

. hj(T

k) the enthalpy of species j at temperature Tk

ij(Tk) £ the constant pressure specific heat of species
Jj at temperature '1‘k (see Section 5.2).

Convergence is monitored by computing lATk/Tk+1| at each iteration;
and, when its value falls below a prespecified limit, the iteration

is terminated.

3.8 Summary of the solution procedure

Now that the main features of the finite-difference solution
procedure have been described, it will be useful to summarize
. the main steps involved:

. (1) At the start u;'s and ¢0‘s are known (Fig.7); if this strip

. of cells is at the boundary the w;'s and ¢O‘s are known from
the boundary conditions; otherwise they are known from the
solution at the previous strip. The p2's are 'guessed’

(see step 8). The problem is then to determine ws's, va's,
pz2's, and $a2's.

(2) The us's are guessed so as to satisfy overall continuity
for the strip. The puy's are then estimated (based on
the guessed p:'s) so that overall momentum is satisfied fox
the strip, with assumed u;'s.

(3) The x-momentum finite-difference equation is solved for
us's.
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Overall continuity is checked at Section 3 and the us's
obtained in Step (3) are all adjusted by a uniform amount
to satisfy overall continuity.

The r-momentum finite-difference equation is solved for v2's.

The finite-difference equations for all other variables ¢ are
solved to obtain the ¢, 's.

Continuity imbalances for individual cells at 2 are checked
and the pressure-correction equation is solved; corres-
ponding adjustments are then made to us's, va2's and p2's.
This results in w;'s, va2's and us's being in overall and
local continuity balance.

Finally, the py's are adjusted by a uniform amount (as in
Step 2) to ensure overall momentum satisfaction for the
strip. These py's are used as the 'guessed' values for the
solution at the next strip.

The solution then advances in the x-direction to the next
strip. This continues until the whole flow domain has been
swept.

These sweeps are repeated until convergence is achieved.
Facility is also provided to repeat the solution at a given
line (i.e. perform iterations at a line). These iterations
are terminated when the residues in all the equations being
solved fall below a prespecified small value; or when the
number of iterations exceeds a prespecified maximum value.
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4, FURTHER FEATURES OF THE CALCULATION PROCEDURE

4.1 The Treatment of Wall Boundaries

The wall boundaries are treated by including the wall shear stress
in the equation for the velocity parallel to the wall; and by
setting the velocity at the wall to zero (the no-slip condition).
The treatment is similar to that employed in References 7 and

10.

The wall shear stress T is given by:
T = s (pu?) NW (125)
where the subscript NW refers to the near-wall node.

The quantity s is the shear-stress coefficient and is given by
(Reference 7): ‘

Y K '
S =
' n (ERSS) (126)
where E = constant (taken to be 9.0);
K = von Karman constant (taken to be 0.435);

R = Reynold's number = (puAy/uQ)Nw;
Ay = distance of wall from the near-wall node;
Mo = laminar viscosity.

Tﬁé shear stress is incorporated into the finite-difference
equations by linearization of the term pu® as plu]u. Details may
be found in Reference 7. In order to solve eq. (126) for s, a value
of s is guessed and substituted in the RHS of eq. (126) to give

a better estimate of s, The process is repeated until the values
of s from one Step to the next remain within 0.01%.
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4.2 The Treatment of the Inner Wall

The effect of the inner wall is introduced by modifying the

source terms of the u-momentum equation at the nodes adjacent

to the inner wall. The source-term modification is done to
include the effects of the wall shear stress as per the discussion
of Section 4.1,

4,3 The Treatment of Heat Transfer

4.3.1 Heat Transfer processes considered

In'this section the inclusion of heat transfer effects into the
solution procedure is described. These effects enter as boundary
conditions in the stagnation enthalpy equation. The following
modes of heat transfer are concidered in the present work:

(1) convective heat transfer from hot cambustion gases to passage walls;

(ii) convective heat transter from hot walls to colder inlet fuel-air mixture;
(iii) exial wall conduction;

(iv) wall to wall radiation;

(v) free and forced convection fram outer wall to surroundings;

(vi) radiation from outer wall to surroundings.

The radiant heat exchange between the flame and the walls is
ignored since the methane-air flame has a low emissivity and since
the mean beam length in the present case is small.

The inclusion of the heat transfer effects involves appropriate
modifications of the source terms in the stagnhation enthalpy
equation at the inner and outer tube walls and at the end wall.
These are described below.




4.3.2 Heat transfer at the inner tube wa;}

The heat transfer effects at the inner tube wall are introduced
by modifying the source terms for the finite-difference cells at

N, P, and S (Fig. 8) at the x-location currently being solved for.

The various heat transfer processes are considered individually
below.

(1) Heat transfer between wall and gases:

For heat transfer between N and P, the overall heat transfer
coefficient U1 0 is given by (Ref. 11):

1 _ 1 Ay o/rp)

T1,0%1,0 T1,0M,0 K | (127)

where k is the conductivity of the wall material (stainless steel)
and h1 0 is the convection heat transfer coefficient.
]

For heat transfer between S and P, the overall heat transfer
coefficient 01 i is given by:
4

1 1 L mrp/ry e)

. = ¥ b 2
ry,ale o Tr,ifa K (128)

In the above equations, h1 i and h1 o 2re calculated from pres-
) ’

cribed Stantqn numbers Stl,i and Stl,O:

9
- Sty psluslcp (129)

=
-
e
|

= Sty o PylONIG

[and
o
l

(130)
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Fig. 8: Heat transfer calculation at inner tube wall.
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where US and UN are the velocities parallel to the wall at S
and N respectively; and p is the density.

The values of the Stanton numbers in equations (129) and (130)
are assumed to be 0 .003, which in the authors' experience is
typical of the flow situation being considered*.

The specific heat C.p appearing in the above equations is assumed
-to be constant (=1100 J/Kg.oK). It should be noted that it is
possible to calculate Cp from the local values of temperature and
composition, but in view of the other approximations involved,

it is not worth going into this complication.

Finally, the heat fluxes are included in the finite-difference
equations by augmenting the source terms of the enthalpy equation
at nodes N, P, and S as:

SuN = Suy + Ul,orl,oAx(Tp_TN) (131)
Sup = Sup + Ul,orl,OAx(TN) + Ul,irl,iAx(TS) (132)
SPP = Spp - Ul,Orl,OAx - Ui,irl,iAx (133)
SuS = Sus + Ul’irl’iAx(Tp—TS) (134)

(ii) Axial wall conduction

This is included in the finite-difference form of the enthalpy
equation by modifying the source term at point P as:

Sup = Sup* 3%, (Tg~Tp) * 3%, (TwTp) | (135)
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* Since the writing of this report the program has been extended
to compute the Stanton numbers locally. The corresponding update
to the program is given in Appendix E. ‘



where AA = east face area of the ciell at P
Ax1= xE - XP

(136)
Axg= Xp - Xy (137)
Also, the east-west finite-difference coefficients (i.e. AE and Aw

of equation (73)) for node P are set to zero.

(iii) Wall to wall radiation

The treatment of Ref 11 for radiant heat exchange between two
long, gray, coaxial eylinders is followed.

Therefore, the enthalpy-equation source term at P is modified as:

Suy, = Sug, + Qg (138)
o(Typ = Tp)
where Q.4 = —§= . 1 (i C 1) (139)
8p®1  Ayp ez

g = Stefan-Boltzmann constant ;
Ap = rl,OAX; (140)
Ayp = Tg,i0% (141)
T

WP = temperature of duct wall at same x-location as P;
Ty 3T inner radius of duct wall;
ey = emisgivity of inner duct wall material;
e = emissivity of outer duct wall material.

4.3.3 Heat transfer at the outer tube wall

The heat transfer effects at the duct wall are introduced by

modifying the enthalpy source terms at the nodes WP and WS (Fig. 9).

The nodes WW, WP, and WE actually lie on the inner surface of the
duet wall (these are the nodes corresponding to i=NY, Fig. 2);
however, for the purpose of heat transfer calculations, the
enthalpy and temperature associated with these nodes are
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assumed to be the values at the middle of the duct wall (i.e.
WE', WP', WW'). Also the TDMA solution for the enthalpy
equation is extended to include WE', WP', WW' as internal nodes.

The various modes of heat transfer are summarised below:

(1) Heat transfer between wall and gases in the duct:

The method of treating this is identical to that discussed in Sec.
4.3.2(1i) above. Again, the Stanton number is assumed to be 0.003,

(ii) Axial wall conduction

The method of treating axial wall conduction is identical to that
discussed in Sec.4.3.2(ii) above.

(iii)Wall to wall radiation

This has also been discussed in Sec 4.3.2(iii) above. Its inclusion
involves modifying the enthalpy source term at WP' as:

where Qrad is given by equation (139).

(iv) Free and forced convection from outer wall to surroundings

Since the flow is assumed to be axisymmetric, to consider free
convection, the axis of the duct must be vertical; to consider
forced convection, the axis oi the duct must be parallel to the
external free stream in which the duct is placed.

A brief study of the literature (e.g. Refs.11,12) shows that no
simple correlations for calculating the free and forced convection
for the above conditions exist. Most of the cases dealt with in
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these references are for a cylinder with its axis normal to the
free stream. |

Therefore, in order to calculate the free and forced convection -
a prescribed Stanton number is assumed; again a value of 0.003
is assumed for lack of more accurate information. The inclusion
of free and forced convection involves a modification of the
enthalpy source at WP as:

Suyp = Suyp + Sty 4 plumICp (Tgurr— Twp) o (143)
where u = the free stream velocity to which the duct is
subjected;
T = surroundings temperature.

surr

(v) Radiation from outer wall to surroundings

This is included by modifying the enthalpy source term at WP as:

4 4
- Typ). Ax. Ty o (144) ,

U,y = Su
S S surr ,

WP + oge (T

wpP

4,3.4 Heat transfer at the end wall

The end wall AB (Fig. 10) is treated similarly to the outer
cylindrical wall AC. The TDMA solution is extended (for the
enthalpy equation) to include the nodes in the wall AB. The
only difference in the treatment of the wall AB (from the wall AC)
is in the wall to wall radiation calculation; this does not exist
since the wall AB is dssumed not to exchange radiant energy

with the other walls. This is consistent with the assumption
made so far that the radiation leaving a wall is perpendicular to
it. Instead the radiation to the surroundings will be from both
surfaces of this wall and so has double the value given by the -
equation similar to (144).
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5. THERMODYNAMIC AND ELEMENT DATA

5.1 Element Data

The following information is required to describe the set of
elements which make up the chemical species present in the
system:

® the element symbol (e.g. C, O, H, and N);

° the corresponding atomic weight.

5.2 Thermodynamic Data

The thermodynamic data for constant pressure specific heat, enthalpy,
and the entropy at one atmosphere for the chemical species are the
same as those used in Ref. 2. These properties are expressed as
polynomials in temperature.

C,

B = 2 3 4

B Z1 + ZQT + Z3T + Z4T + ZST (145)
- 2 3 4 _

h - ZZT . ZST . Z4T . Z5T . Eﬁ (146)

RT 1 2 3 4 5 T

<0 ZBTZ - g,1° 25'r4

. leogT + Z2T + 5 + 3 + ) + Z7 (147)

There are thus seven coefficients 21 ..... Z7 for each one of the

chemical species for each one of two temperature ranges, 300°K
to 1000°K,;and 100009K to 5000°K. The pressure effects on the
thermodynamic data were not taken into account.
The enthalpy equation (146) includes both the sensible enthalpy
and the standard-state enthalpy of formation. The entropy s°
includes the low-temperature enthalpy of formation as also the
chemical and sensivle contributions.
The entropy s at any arbitrary pressure is given by:

s = s™-RTlog (p/p,) (148)
where By = standard atmospheric pressure.
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6. KINETICS DATA

The following information is required to specify the chemical
kineties of the system considered:

) the set of elementary reactions making up the assumed
chemical-kinetic mechanism:

® the Arrhenius constants for each elementary reaction.

In the present study, only reactions of the following types are
considered:

A+B=>C+D , MODE=1 (149)
AB + M > A+B+M , MODE=2 (150)
A+ B+ M- AB+M . MODE=3 (151)

The forward reaction rate constant is expressed as:

B,
. = J oo for 1 -3 ) ,
ij = AjTF exp ('Tactj/T)’ for reaction j (152)
The Avrhenius constants A, Bj and Tactj are supplied for each
one of ‘the reactions considered.

The reverse reaction rate constant may either be directly
specified as above, or it may be calculated from a knowledge
of the forward rate constant and the equilibrium constant:

kg
]

Koo = 57 ;
bJj kaj (153)
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7. RESULTS AND DISCUSSIONS

7.1 Introduction

In this chapter results are presented for two test cases: one

without chemical reaction (cold flow) and one with chemical reaction.
Before presenting the results certain computational details are given
in the next section.

7.2 Computational details

(i) Variables computed

At each grid node, 22 variables were computed for the test case
with chemical reaction. The variables obtained from the solution
of partial differential equations were: the axial and radial
velocity caomponents u and v, the pressure p, the stagnation
enthalpy B, the mixture fraction f, the mass fraction of unburnt

fuel m_  , and the mass fractions of the species N, NO, NOZ’ ahd

fu
NZO, The variables obtained through the use of auxiliary alge-
-braic equations were: the mass fractions of the species CO, COz,
"H, H2, H20, NZ’ 0, OH, and 02, density, effective viscosity and

temperature.

For the test case without chemical reaction, the variables

u, v and p were obtained from the solution of partial differential
equations, and the effective viscosity from an auxiliary algebraic
equation.

(ii) Grid used:

~The grid used in both the test cases had 10 nodes in the axial
and in the radial directions. The distribution of the nodes was
non-uniform in both the directions and is illustrated in Fig. 11.
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(iii) Convergénce:

The convergence criteria adopted were:

) The normalised residual errors of each of the variables
u, v, ﬁ, f and Men which were solved by a line-by-line
procedure, should be less than 0.5%.

[ The mass fractions of N, NO, NOZ’ and NZO which were
obtained by a point-by-point solution procedure
should remain within 0.1% of their values from one
iteration to the next.

(iv) Physical and chemical data:

The thermochemical data for all the species were obtained from
Ref. 2. Reaction rate data are given in Table 2.

(v) Geometrical and other data:

The parameters defining the two test cases are.given in Table

7.3 Results of Test Case‘l

The problem specification for test case 1 is given in Tablé

3. This case in which chemical reaction is nof considered is not
of much practical interest and the aim in performing it was
mainly to test the hydrodynamic features of the computer code.

Figure 12 shows the axial velocity profile at various cross-
sections of the combustor. The behaviour is as expeéted. On
entry into jha duct, the fuel and air jets exhibit mixing and
towards the end of the inner duct the flow shows signs of
approaching developed pipe flow., Radial momentum effects are

of some importance at the entrance of the duct, but for the bulk
of the flow in the inner duct, radial momentum effects are
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Table 2. Reaction rate data (in S.I. Units)
No Reaction A B act Ref.
1 N+NO = N,+0 1.500E10 0 0 3
2 N+0, =2 NO+O 5.998E6 1.0 3.172E3 3
3 |OH#N 3 H#NO | 5.998ES 0.5 |4.028E3 3
4 H+N,0 = OH+N, 7.998E10 0 7.553E3 3
5 N,0+0 > NO+NO 1.000E11l 0 1.500E4 3
6 N,0+M s N, +0+M 1.000E11 0 2.518E4 3
7 N+O+M + NO+M 6.397E10 -0.5 0 6
8 NQ,+0 2 NO+0, 1.000E10 0 3.000E2 6
9 | NO,+M ¥ O+NO+M 1.099E13 0 3.300E4 6
Forward rate constant kf = ATB exp (—Tact/T)
Reverse rate constant obtained from forward rate and

" equilibrium constants.

Hydrocarbon oxidation reaction rate = 0.01 m, m exp(-18000/T)

u ox
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Table 3: Specification of Test Cases
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_ - o . -4
Tao = Tgo = 275K Mo = 3.6 x 10 kg/s
PO = 2 atmospheres Mg, = 1.4 x 10"5 kg/s: (P=.66) :
L1 = 20 cm Dl,o = 0.7 cm N
L2 =1 cm D2,1 = 1,8 cm
Df = 0.1 cm D2,o = 2.1 cm
D1’1 = 0.6 cm
Heat transfer data (for case 2 only)
All Stanton numbers (see Sec. 4.3) = 0.003.
Conductivity of wall material = 41.84 Joules/m.sec.oK.
Emissivity of all walls = 0.05. ¥
Surroundings: temperature = 300°K; )
velocity = 1 m/sec. .
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Fig. 12: Profiles of u-velocity (m/sec); Test case 1
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negligible; and the pressure field is essentially uniform in the
radial direction. This permits the calculation scheme to be
simplified by:cutting out the solution of the radial momentum
equation, éssuming the pressure to be a function of axial distance
alone and obtaining the radial velocity directly from the con-
tinuity equation. In the present work, howéver, this simpli-
fication has not been introduced, since the aim was to develop

a general program which could handle different geometries in which
radial momentum transfer might be significant all through the flow
field.

At the end of the inner duct, flow reversal into the outer duct
occurs and the pressure at the end wall rises as in stagnation
flow. In the outer duct, again towards the end the flow exhibits
similar characteristics as at the end of the inner duct: i.e.
pressure radially uniform and radial velocities small compared

to the axial velocities.

7.4 Results of Test Case 2

The problem specification for test case 2 is given in Table 3.
This is the case of greater practical interest and it demonstrates
all the features of the computer program.

Figure 13 shows the axial velocity profile at various cross-
sections of the combustor. The behaviour is qualitatively
similar to that of test case 1. Quantitatively, the velocities
are slightly higher in the inner duct (as compared to test case 1);
this is due to the reduced density brought about by the preheating
of the incoming gases. In the outer passage, the velocities
ﬁndergo a rapid increase through the flame zone as the density
drops rapidly. Comments about radial momentum effects made

in Section 7.3 apply to this test case also.
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Fig. 23: Profiles of Hzo‘mass fraction
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Fig. 25: Profiles of NO mass fraction
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Figure 14 shows the temperature profile at various cross-

sections of the combustor. The slight rise in temperature in the
inner duct is due to the conduction of heat through the wall from
the hot gases in the outer duct. After flow reversal into the
outer duct, combustion occurs and the temperature rises rapidly.
In the post-flame zone there is a slight drop of temperature

due to heat loss to the surroundings and to the incoming

gases.

Figures 15 and 16 show the fuel and oxygen profiles. In the
inner duct, the air and fuel streams simply mix together and
there is no reaction. Therefore at the end of the inner tube,
the air-fuel mixture is almost uniformly mixed. The fuel and
oxygen profiles show a decay with the passage of the gases
through the flame zone in the outer duct. This behaviour is
seen to be consistent with the temperature distribution. At
the end, all the fuel is consumed and the excess oxygen is left
unburnt.

Figures 17 to 21 show the profiles of the species CO, H, HJ, 0,
and OH. These are intermediate species formed in the reaction
zone. Therefore, as expected, the concentrations of tlese
species all have a maximum value within the main reaction zone.
The drop in the concentrations of these species from their
maximum values as one proceeds further downstream is due to their

being converted into the stabler product species 002 and H20.

Figures 22 and 23 show the profiles of the final product species
002 and HZO. These show a continuous rise and levelling off

in the post-flame region. The formation of these two speciles is
consistent with the temperature rise and fuel consumption through
the flame zone.

Figures 24 to 27 show the profiles of the NOx species: N, NO, Noz
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and N20. The NO concentration peaks at a point slightly down-
stream of the main reaction zone. This behaviour is as expected
since the formation of NO is governed by kinetically-controlled
reactions which are much slower than the hydrocarbon-oxidation
reactions which rapidly reach the equilibrium state. After
reaching its maximum value, the NO concentration drops slightly
due to the dropping temperature.

7.5 Conclusions

The discussion of the results of the two test cases in the

preceding sections shows that the results obtained are as

expected. Since only one chemically reacting test case was computed,
it has not been possible to draw various conclusions about the
behaviour of such combustors for different operating conditions.
However, the technique for computing such flows has beeén

successfully demonstrated.

It should also be mentioned here that the present results have

been obtained with relatively coarse grids. iIn order to obtain
more accurate results, finer grids need to be used; this of

course results in increased computer time and storage, but is still
within the capabilities of ordinary computers. Finer grids

are needed especially in the flame zone in order to obtain better
resolution in a region where sharp gradients exist.
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8. CONCLUDING REMARKS

The pr:sent computer program has been succesffuly used to predict
the hydrodynamics and chemistry in a two-concentric-tube combustor.
The predictions obtained are qualitatively plausible. Detailed
experimental data are required to assess quantitatively the
validity of the numerical procedure and the physical hypotheses
involved.

In concluding this report, some consideration is given to what
further developments would be fruitful. The following improve-
ments may be envisaged to make the program a'proach more towards .
physical realism.

(a) Turbulence modelling:

The present version of the program incorporates a simple zero-
equation model of turbulence. Obviously, this is an over-
simplification and a more realistic simulation of turbulence
would be to employ the two-equation model employing the kinetic
energy of turbulence and its dissipation rate, as the dependent
variables of differential equations.

(b) Heat trahsfer calculations:

In the present program, the modelling of convective and radiative
heat transfers has been considerably Simplified. In the cal-
culation of convective heat transfer, uniform prescribed Standton
number have been employed. A more realistic representation
‘would be to compute the Stanton numbers locally, as done in,

for example, Ref. 7.* The extension of the program to achieve
this is quite straightforward.

In the calculation of radiative heat transfer, it has been

* Since the writing of this report this has been done. The
corresponding update to the program is given as Appendix E.
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assumed that the gas is not participating in the heat transfer
process, The incorporation of a four-flux model of radiation
(e.g. Ref. 8) would permit a more realistic simulation of the
radiation process and would permit the absorption and scattering
of radiation by the gas to be accounted for in a simple way.

A further refinement would be to compute the distribution of
radiation energy in wavelength space; and to allow for the
multiple interactions between different parts of the combustion
chambexr which are the special features of the Hottel-Sarofim
(Ref. 9) method. Although the extension of the present code

to include these refinements is conceptually straightforward,
it should be pointed out that these extensions would result in
& considerable increase of both computer storage and processing
times,

(¢) Sophisticated chemical-kinetic models

The consideration of detailed hydrocarbon-air kinetics as

distinet from a simple one-step Arrhenius expression together

with the detailed NO -kinetics scheme used in ‘the present

work would give a more accurate prediction of Nox~emissions. It
is a simple matter to enlarge the chemical-kinetic sophistications
of the present program; all that is required is to enlarge the
storage requirements of the program, to extend the limits of

some DO~loops, and to supply additional coding for the coupling

of the species and energy equations. However, this again results
in a manifold increase of computer processing time and fine-grid
computations with sophisticated chemical kinetics are likely to

be prohibitively expensive.
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NOMENCLATURE

Some symbols are defined and used locally in the report;
these are not included in the list below:

Symbol

a

P1,i» P1,0°

Dy,i+ P2, o

Meaning

Cell area

Number of kg - atoms of element i per kg
mole of species j.

Coefficients in the finite-difference
equations.

Finite-difference coefficients.

Arrhenius pre-exponential factor,.

Number of kg-atoms of element i per kg of
mixture.

Exponent on temperature in Arrhenius rate
expression.

Convection mass flux.

Specific heat at constant pressure of the
mixture.

Constant-pressure specific heat of chemical
species j. 4

Dimensions of combustor (See Fig. 1).



Symbol Meaning

D Diffusion mass flux.

Cy1€q Emissivities; 1=inner tube; 2=outex tube,

E Activation enexrgy.

E Constant in wall function,

h Mixture fraction.

fst u Stoichiometric value of mixture fraction.

B Ideal-gas partial molal specific Gibb's
function of species j, per kg-mole.

h Convection heat transfer coefficient.

I Stagnation enthalpy.

h‘j Enthalpy of chemical species J.

b Mixture enthalpy (sensible + chemical).

Jdiff Diffusion mass flux.

Jd Diffusion mass flux.

k Thermal conductivity.

kb Backward reaction rate constant.

kf Forward reaction rate constant.

K, - Bauilibrium constant.

Ly s Lg, g Dimensions of combustor (see Fig. 1).

Moo Air flow rate.

Meo Fuel flow rate.

Mgy Mass fraction of unburnt fuel.

my Mass fraction of chemical species J.
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Symbol

m.., m
OX 02

M

n

n5

1]"
J

NLM

NS

NSE

eff

Qrad

Meaning

Mass fraction of oxygen.

Number of chemical reactions.
Mole number.

NS

= t
= Q4= Molecularity of forward reaction
i=1

As né, but for backward reaction j.
Number of elements.

Number of chemical species in the system.

Number of chemical species whose concen-
trations are determined by a chemical-
equilibrium analysis.

Number of chemical species whose concen-
trations are kinetically determined.

Pressure.

Arrhenius pre-expor.ential factor.
Initial pressure.

Standard atmoépheric pressure.
Laminar Prandtl number.

Effective Prandtl number.

Heat flux.
Radiation heat flux.
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Symbol . Meaning
T Radius.
* ri,i'r1;0’ Radii corresponding to Dl,i’ Dl,O’ Dz,i'
. rz'i,rz’c,rf DB,O' 1).13 respectively (See Fig. 1.).
. Tl,m and rg,m =055(r1,i+r1’0) and 0.5(r2,i+r2’°)respanﬂyely.
R Universal gas constant.
RJ, R”j Mass rate of creation of species by forward
and reverse reactions j, respectively.
s Shear stress coefficient.
s Mass of oxygen per unit mass of fuel'in

stoichiometric combustion.

. sJ Ideal-gas specific entropy of species j.
* sg One-atmosphere value of Sg
: Sc Schmidt number.
St Stanton number.
Su, SP Parts of linearised source term.
S¢ Source term of dependent variable ¢.
T Temperature.
Tact,j Activation temperature for reaction j, i.e.

activation energy divided by the universal
gas constant.

Teo Air temperature at initial axial position.
* Teo Fuel temperature at initial axial position.
u x-direction velocity-component.
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Symbol

u,ﬂ-O

2i (i=1,7)

Greek Symbols

Q. o,
ijr 4id

«J

)

R e e -~ * z * & o Wi D Lt RN SRR Stk

Meaning

Air velocity at initial axial position.
Fuel velocity at initial axial position.
Overall heat transfer coefficient.

r- or y- direction velocity-component.
Mean molecular weight of gas mixture.

Molecular weight of chemical species j.

Axial distance.

Number of kg-atoms of carbon per kg-mole
of hydrocarbon fuel.

Radial distance.

Number of kg-atoms of hydrogen per kg-mole
of hydrocarbon fuel.

Coefficients in thermochemical data equations.

Stoichiometric coefficients of species i in
chemical reaction j, as a reactant and as a
product respectively.

Third-body stoichiometric coefficient in
reaction j.
Under-relaxation factor for pressure.

Ratio of specific heats (Cp/Cv).
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Greek Symbols

$ik

0x, Ax

Sy, Ay, dr,Ax

n

dm

Meaning

Exchange coefficient for dependent variable
¢,

Kronecker delta function.

Grid distance in x-direction.

Von Karman constant.

Grid distance in r- or y-direction.
Under-relaxation parameter.
Thermal conductivity.

Effective viscosity.
Laminar viscosity.
Defined as (mg, - mox/s).

Defined as (m, )

fu‘inlet.

Defined as -(m__) /s.
OX"inlet

Lagrange multipliers in Gibbs function
minimisation equation.

Density.

Stefan-Boltzmann constant.

Mole numbers of species Jj, kg-moles
j/kg mixture.

Average of 95 over adjacent nodes, weighted
by respective finite-difference coefficient.

Reciprocal of mean molecular weight of
NS

E L
i=1

gas mixture .
Oi'



Greek Symbols Meaning

¢ Dependent variable.

¢ Equivalence ratio.

T Shear stress.

Subscripts

b Fully burnt.

E,N,S,W East, North, South, West nodes respectively.
Z Stagnation enthalpy.

i i'th location in the grid.
J Chemical species j.

NW Near wall node.

pr Products

P Grid node P.

Suryx Surroundings.

wall Wall values.

¢ Dependent variable ¢.

o Previous iteration value.
@ Free stream value.

1,1 : Innexr side of inner tube.
1,0 Outer side of inner tube.
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Subscripts

2,1

2,0

Meaning

Inner side of outer tube.

Outer side of outer tube.

'Starred' values.
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APPENDIX A

ORGANISATION OF THE NASCO II COMPUTER PROGRAM*

Al Introduction

The organisation of the computer program will be looked at in
detail in this Appendix. Firstly the structure and the inter-
connections of the different subroutines are described. The
subroutines are classified into different categories depending
on the function they serve in the program, and then each of the
subroutines is described in detail. In the course of this
description are mentioned the program changes necessary to solve
problems with different initial and boundary conditions, and
also incorporation of alternative physical modelling for properties,.

The present program has been derived and developed from the
CHAMPION 2/E/FIX program of Pun and Spalding (Ref. 1). The reader
is advised to refer to the description of this program for back-
ground information.

A.2 Program Structure

A.2.1 Flow Diagram

The structure of the computer program can be represented by the
flow diagram given on the next page. Not all the interconnections
are shown here, but the ones which are shown are the main ones.

‘There are 18 subroutines: BLOCK DATA, MAIN, OUTPUT, PRINT, BOUND,

SOURCE, WALL, CHEM, SPECE, CALC, CONST, GEOM, ADJUST, FLOWM, COEFF,

* NASCO II stands for NASA Surface Combustor, Version II.
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TEST, REACT, and HCPS.

_T&é first five are of major concern to the user and thkay will
rgquire at least minor modifications when a new problem is to be
tackled. The other subroutines will in general require no
modifications., Subroutines SOURCE and WALL embody the physical
processes; modifications to these are needed only if alternative
physical models are to be considered. = Subroutines CHEM, SPECE
and CALC relate to chemical-quilibrium and kinetics calculations:
these should not be altered. Subroutine REACT is for the input
of thermochemical and kinetics data and subroutine HCPS for the
calculation of certain thermodynamic quantities. Finally
subroutines CONST, GEQM, ADJUST, FLOWM, COEFF and TEST, embody
the mechanisms for solving the finite-difference equations; these
agaln should not be altered unless major extensions of the
program are envisaged.

A.2.2 Flow of control

Inspaction of subroutine MAIN in the flow diagram reveals that,
apart from calls to certain subroutines control proceeds from the
start to the end of Chaptexr 5.

The main computation loop is entered at the end of Chapter 5.

The loop 5-6-7~8-9-10-11-12-5 is then traversed as many times as
there are forward steps and number of itexrative sweeps. During
the course of this traverse, calls are mode to various subroutines.
Finally subroutine OUTPUT is called to print the results as
indicated in the flow diagram. v

Before describing the various subroutines, a few general comments
on the storage of the variuhles in the program are made.
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A.2.3 Storage of variables

The field variables are:

u éx,yy b UGS

v €X,V) » V(IV)
B oex,y) | , H(I)

£ €x,y) M)
m;fu. €x,y? ¥ FUE(I)
my €x,¥) , FS(I,d)
p €x,¥) _ e P(IP)
p' €x2 . PR(IY)
Repg €77 » EMU(I)
T €X,¥) _ . TEM(T)
P €x,¥3 » RHO(TI)

In general thé storage of ¢éx,yy» is arranged as follows:

for the first row of grid nodes, IX = 1, there are NY values

of ¢, and these values fill the first NY elements of PHI(I); the
next NY elements of PHI(I) are filled by the valuesof ¢ for the
next row of nodes, IX = 2. Thus each row of nodes is sequentially
stacked to f£ill the PHI array.

Therefore for a NX*NY grid the total number of elements of the
PHI array is NX*NY.

The sizes of the field arrays for the various variables are now
summarised:

+ The notation ¢€x,y) means ¢ is a function of x and y.

107



P S i ! [ S e

vVariable
u

¢(i.e. ﬁ" f', m;fu,
m:jo p, T, ue:fi*)

Array Size
(NX-1)*NY

NX*(NY-1)

NX*NY

(NX-2)*(NY-2)

NY

Comment

Storage is provided for one
less row ot cells due to
staggering of the grid.

storage is provided for one
less strip of fixed IY cells
due to staggering of the grid.

storage is provided foxr boundary
nodes as well as foxr the
control cells.

storage is provided for internal
cells only and not for boundary
nodes.

~ one-dimensional quantity.

The identification of a variable value at a particular nodal
location is made by using a simple index determined from the
IX, IY position of the variable in the two-dimensional field

as follows:

Variables

$(i.e. k, t, Mo
me,0, Ty Wopg)
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Fortran Name

Indexing

See previous
page

uCI)
v{Iv)
P(IP)

PRCIY)

I=( IX -1 )*NY+IY

I=(IX-1)*NY+IY
IV=( IX-1)*NYM1+IY
IP=(IX-2)*NYM2+IY¥~1

IY



It should be noted that the convention employed for relating the
referencing of the staggered veloclty nodes to the main nodes
is known as the 'L rule', and is shown below:

All of the variable arrays are equivalenced to the single
one-dimensional array F. The size of the I' array is equal to the
sum of all of the variable arrays which are stored in F.

The identification of an element in the F-array is performed
using I and an identifier IZERO(JPHI). IZERO(JPHI) indicates the
last storage location in the (JPHI-1) th block of the F-array,
e.g. EMUCI) in XI(I) is:

F(I) = IZERO(JEMU)+IY+(IX-1)¥*NY,
Other two-dimensional gquantities stored in one-dimensional arrays

are: VOL, AREAN, AEDDX, ANDDY. These are all geometrical
quantities.
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A.3 The problan-dependent subroutines, BLOCK DATA, MAIN, OUTPUT,
PRINT, and BOUND

A.3.1 BLOCK DATA

This subroutine is used for the input of some data. It consists
of nine chapters, the functions of which are explained by their )
titles; these will now be briefly described.

Chapter 1*. Preliminaries

In this chapter, identification and control parameters are defined.
An inspection of the Glossary of Fortran variables in Appendix
C, will reveal the function served by the parameters defined here.

Chapter 2. Grid and Geometry

In this chapter, the user must specify the number of transverse

and longitudinal grid points and how they are distributed.

Geometrical information relating to the dimensions of the combustor .
is also supplied here. -

Chapter 3. Dependent variables

In this chapcer, the indices (JU, JV, etc. ) defining the location
of a variable held in storage in the F-array and the indices (IDN,
IDNO, etec. ) defining the location of a species stored in the
FS-array, are specified. The number and specification of the
dependent variables solved for are also given here.

Chapter 4. Property Data

In this chapter, some of the properties of the fluids are
specified. Some control parameters relating to properties and
processes are also supplied here. Polynomial coefficients AC,
AH, ASM, AS81 relating to chemical-equilibrium calculations

¥ The chapter numbers correspond to those of subroutine MAIN.
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are defined here.

Chaptexr 5., Starting values

In this chapter,. several arrays ave initialised to zero; these are
the default values, The flow rates, temperatures, fuel and

oxygen concentrations of the two incoming streams and the inlet
pressure are specified herve.

~ Chapter 7, Boundary conditions

In this chaptexr, the parameters relating to heat transfer
caleulations (boundary conditions for the enthalpy equation)
are specified.

Chapter 8.Advance
Here the maximum number of iterations to be performed at a
given line is specified,

Chapter 11. Print
In this chapter, the parameters controlling the printout of the
variables and residual ervrors are defined.

Chapter 12, Decide
In this chapter, the maximum number of iterative swoeps and the
convergence criteria are specified,

4.3.2 Subroutine MAIN

Subroutine MAIN consists of 18 chapters, the functionsa of whieh
are explained by their titles, and these will now be briefly
described,

Chapter 0, Declarations
Here DIMENSIONS AND COMMON statements allocate storage and
variable nanes.

Chapter 1. Preliminaries
Conment cards describing the special features of a particular run ave placed
in this chapter.
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Chapter 2. Grid

In this chapter, a call is made to subroutine CONST(2) to calculate
quantities related to the numbers of grid nodes in the x- and
y-directions (NX and NY). Next subroutine GEOM is called to
calcuilate grid related quantities.

Chapter 3. Variables

In this chapter comment cards are supplied to state the
variables which appear in the differential equations and the
auxiliary equations that are to be solved. Subroutine CONST(3)
is called to calculate quantities related to the dependent
variables.

Chapter 4. Property Data

In this chapter, subroutine REACT is called for the input for
thermodynamic and reaction mechanism data. The laminar and
turbulent Prandtl/Schmidt numbers of the various dependent variables,
and the stoichiometric mixture fraction are also calculated here.

The RHO (density) and EMU (viscosity) arrays are initialised with
reference values.

Chapter 5. Starting Preparations

The function of this chapter is to:
® call subroutine CONST(5) for the calculation of certain
reference indices;

° compute the properties in the inlet fuel and air streams;
° compute the normalising factors for residual errors;
°® initialise dependent variable fields:

n

(a) h, u, f, M T, species mass fractions in DO-59 loop;

(b) NO, - species in DO-580 and DO-582 loops;

(c) LI in DO-597 loop;

(d) p in DO-593 loop;

(e) v in DO-590 loop (so as to be in continuity balance
with the u specified above).
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° call subroutine OUTPUT(1) to print out problem specification;

° call subroutine OUTPUT(2) to print out initial dependent
variable fields;

° prepare for the start of a new iterative sweep,

Chapter 6. Step Control

In this chapter the DO-loop limits for the cross-stream TDMA
(IYF and IYL) are set and certain indices related to the
current IX value and to IYF and IYL are computed.

Chapter 7. Boundary conditions
The boundary condition information is supplied in chapter 7 of
BLOCK DATA.

Chapter 8. Advance
This chapter results in the execution of a forward step and the

computation of the dependent variables: u and v velocities,
enthalpy, mass fraction of unburnt fuel, and mixture fraction.

The sequence of events in the execution of a forward step is:
) a call to OOEFF(O) to obtain the diffusion fluxes;

° calls to FLOWM(1l) and FLOWM(3) to obtain the convection fluxes;

. calls to COEFF(JU) and ADJUST(3) to perform an integral
momentum balance for the current strip of cells (see section
3.3.5). This is performed only on the first iteration at
the current line (i.e. when NTRAV=1).

° Finally the DO-800 loop incorporates call to COEFF(JPHI),
once for every dependent variable JPHI which is to be solved.
Also incorporated in this DO-loop are statements which
ensure that when the enthalpy equation is being solved, the
cross-stream TDMA extends through both the innexr and outer
ducts; for other variables, the extent of the Ifield covered
by ‘the cross-stream TDMA is as illustrated in Fig. 5.
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Chapter 9. Complete

In this chapter, variables which are not obtained directly by the
line-by-line TDMA procedure are computed. This is achieved by
calls to subroutine CHEM (only for INERT=2, reacting flows):

(a) at ENTRY TEMP to compute the temperature;
(b) at ENTRY DENS to compute the density;
(c) at ENTRY EQUIL for chemical-equilibrium computations (only .
for IEQUIL=1);
(d) at ENTRY KINE for chemical-kinetics computations (only
for KNTCS=1 and ISWEEP>KSWEEP).

For non-reacting flows (INERT=1), control is transformed to state-
ment number 905 and the temperature (if KSOLVE(JTEM). NE.O) is
computed in the DO-930 loop. The computation of temperature is
as per the discussion presented in Section 3.7.

Next the effective viscosity values are updated in the DO-940 loop.
Finally, the influence coefficients DU used in the pressure-
correction equation (Sec.3.3.4 ) are set to zero when dealing _
with the last column of cells. The reason for this is that the -
boundary velocities are specified and do not require to be
corrected by the pressure-correction equation.

Chapter 10. Adjust

The purpose of this chapter is to perform sectional adjustments in
order to achieve integral mass and momentum balances across a
strip of cells and also to obtain local continuity balance.

Firstly, overall continuity across the strip is obtained by calls
to subroutines FLOWM(2) and ADJUST(1l).

Next, local continuity balance is obtained by calls to subroutines
FLOWM(1), FLOWM(2), COEFF(JPP) and ADJUST(2); this step involves .
the solution of the pressure-correction equation. N
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Finally, subroutine ADJUST(3) is called to obtain integral
momentum balance,

Chapter 1. Print

In this chapter, a reference pressure is subtracted from the
pressure field to abtain the pressures relative to a selected
reference point (IXPREF, IYPREF). Next subroutine BOUND is
called, once for each dependent variable solved; this updates the
values of the variables on the boundaries for printout purposes.

Chapter 12. Decide
In this chapter the following decisions are taken:

(1) If the maximum sum of the residuals on the current line
RSMAX is greater than the convergence criterion RSCHEK and if
the number of iterations NTRAV on the line is less than
the specified maximum wvalue of NTDMA, the solution on the
same line is repeated by transferring control to statement
number 80. Otherwise step (ii) below is followed.

(i1) A check is made to see if the sweep has been completed. If
ves, then subroutine QUIPUT(S3) is called for the printout
of residual sources of the variables. If no, then control
is transferred to statement 65 for the execution of the next
forward step. Subroutine OUTPUT(R) is called for the printout
of the field values of the wvariables every IPRINT sweeps;
.then step (iii) below is taken,

(iii) TFinally, if the larpest residual source sum RSMAX in the
field is greater than the convergence criterion CCHECK and if
“the number of sweeps performed ISWEEP is less than the
maximum number specified LSWEEP, control is transferred to
statement 50 for the start of a new sweep. Otherwise
subroutine OUTRUT(2) is called for obtamning the final printout
of the dependent wvariable tmelds‘
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A.3.3 Subroutine QUTPUT

Subroutine OUTPUT is divided into four chapters which are now
briefly described: “

Chapter 1. Preliminaries

This chapter provides by way of DATA statements, values for certain
variables used during printout. ‘

Chapter 2, Headings

This chapter is used to obtain some initial printout describing
the problem and the input data. Chapters 1 and 2 are activated by
CALL OUTPUT(1) from chapter 5 of subroutine MAIN.

Chapter 3. Field values

This chapter prints out the fields of each dependent and
auxiliary variable solved for by calling subroutine PRINT.
This chapter is activated by CALL OUTPUT(2) from chapter 12 of :
subroutine MAIN,

Chapter 4. Printout of residual sources and monitoring values .
This chapter prints out the residuals of the finite-difference

equations for each dependent variable solved and the variable

values at the monitoring grid node (IXMON, IYMON). This

chaptexr is activated by CALL OUTPUT(3) from chapter 12 of sub-

routine MAIN.

A.3.4 Subroutine PRINT

Subroutine PRINT is used to print the field values of the dependent
variables. It is divided into three chapters which are described
below.

Chapter 1. Preliminaries

In this chapter the appropriate DO-~-loop limits for the printout
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of different variables are set. This is necessary, since as
described in Section A.2.3, the storage arrangement is different
for different wvariables.

Chapter 2. Print Titles of variables
As its name indicates, this chapter is used to print the titles
of variables stored in the array TITLE.

Chapter 3, Print ficld values
Finally, in this chapter the field values of the dependent
variables are printed.

Subroutine PRINT is called from Chapter 8 of subrcutine OUTPUT once
for every dependent variable solved and after every IPRINT number
of iterative sweeps.

A,.3.5 Subroutine BOUND

The function of this subroutine is to update the wvalues of the
dependent  variables on the boundaries of the integration domain.
This updating is a purely 'decorative' exercise and does not
influence any computations. Examples of such updating ave: setting
the centreline value of a dependent variable equal to that at the
neighbouring radial grid node; setting the exit plane values equal
to those at the neighbouring axial grid node, ete.

Subroutine BOUND consists of a number of sections, one for each
dependent variable. The appropriate section is accessed by
means of IF-statements at the beginning of the subroutine. The
coding is straightforward and easy to interpret with the aid of
the comment eards provided.

Subroutine BOUND is called from Chapter 11 of subroutine MAIN, once
for each dependent variable being solved.
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A.4 The physical-model subroutines, SOURCE and WALL

These two subroutines incorporate the physical models describing
the flow situation.

. A.4.1 Subroutine SOURCE

The function of this subroutine is to compute the source terms of

the dependent variables. It is divided into seven chapters
described below. This subroutine is called from subroutine
COEFF,

Chapter 1. Preliminaries

In this chapter , IF statements are provided for the transfer of
control to any one of the succeeding chapters depending on the
dependent variable currently being solved.

Chapter 2. Source terms for u

In this chapter the source terms of the u-momentum equation are
computed. The calculation of the general source term as given

in Table 1 of chapter 2 is incorporated in the DO-11 loop. For
the particular case when both density and viscosity are uniform
(as indicated by KRHOMU=0), certain terms are identically zero;
the calculation of the source term is then simplified and this is
included in the DO 13-loop.

Sources associated with inertial under-relaxation (Section 3.4.2)
are also treated in the DO-11 loop.

Finally, at the end of this chapter, programming sequences are
provided to include the shear stresses at the inner tube as
sources in.the u-momentum equation. This follows the discussion
of Sections 4.1 and 4.2 and the programming is the Fortran
equivalent of the formulae derived in Chapter 6 of Ref 7.
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Chap+ s 3. Source terms for v

In this Chapter the source terms of the v-momentum equation are
computed. This chapter is similar to chapter 2.

- Chapter 4. Source terms for k

In this chapter the source terms of the stagnation enthalpy
equation are computed. Inspection of Table 1 of chapter 2 shows
‘that no source terms are normally associated with this equation.
The sources in this case are all associated with the heat transfer
boundary conditions as discussed in Section 4.3,

Firstly, heat transfer at the inner tube wall is considered

(Sec. 4.3.2). The convective and overall heat-transfer coefficients
are computed here. Next axial conduction and wall-to-wall radi-
ation fluxes are computed. These are incorporated into the SU-3P
terms at the nodes IYWMl1, IYW, IYWP1l as per equations (131) to (138).

?a After this, heat transfer at the outer duct wall is considered -
. (Sec 4.3.3). The programming sequence is similar to that for
the inner tube and involves a modification of the SU-SP terms

- at the nodes NY and NYM1,

Next heat transfer at the end wall is considered. 1In the DO0-425
loop the heat transfer from the wall to the gas is included

in the sources of the nodes adjacent to the wall (i.e. IX=NXM1).
Finally, in the DO-435 loop the heat transfer to the end wall is
considered. Here radial conduction, radiation to the surroundings
and free and forced convection to the surroundings are all com-
puted as per the discussion in Section 4.3.

Chapter 5. Source terms for mixture fraction

Inspection of Table 1 of chapter 2 shows that the mixtqre
fraction equation has a zero source term. Consequently, the
SU and SP arrays are simply set to zero in the DO-52 loop.
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Chapter 6. Source terms for fuel

The computation of the fuel source term is done according to the
linearised source-term expressions derived in Section 4,5 of

Ref. 10. The programming sequence is c¢ontained in the DO~ 62 loop
and is similar to that provided in Ref. 10.

Chaptex 7. Source tewms for p'

The source term of the pressure—~correction equation is the mass
imbalance associated with the 'starred!velocity field (Section
3.3.4). It is therefore computed in the DO-92 loop by adding
up the convective fluxes through the four faces of a finite-
difference cell.

At the last column of cells (IX=NXMl), the set of equations
defining the pressuve-corrections is singular since the
summation of the Su-terms of equation (96) for this column is
identically zero. This singularity is removed by setting the
pressure correction at the IYL node to zero. This is done by the
treatment: SUCIYL)=0.0, SP(IVL)=-BIG (a large number). It can
be seen from equation (73) that this SU-SP modification will
result in a wero pressure-correction at the IYL node.

Finally, the outlot plane boundary condition of uniform pressure
is imposed by ensuring the pressure-corrections are zero via the

SU~-SP modification described above.

A.4.2 Subroutine WALL

The function of this subroutine is the calculation of the
quantities required for the modification of the finite-difference
coeflficients for the nodes adjacent to the duct wall.

On entry into this subroutine, certain indices are computed for
use latexr in ‘the subroutine. Control is then transferred to
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statement number 10 if the variable in question is the u-velocity
(JPHI=JU). Here some 'reference' values are chosen for density,
viscosity, velocity and }édius. These are chosen rather
arbitrarily. Then if laminar flow is indicated either by KLT
being equal to unity or the Reynolds number (based on the .
'reference' values) being less than 132.25 (511.52), control is
transferred to statement number 19. Here quantities related
to laminar flow are computed. Otherwise the turbulent flow
section is accessed. The programming sequence here is easy

to interpret and is the Fortran equivalent of the formulae
derived in chapter 6 of Ref. 7. (see also Section 4.1).

If the variable in question is the v-velocity, then contirol is
transferred to statement number 200. This section is similar

to the u~-velocity section described above and involves the
inclusion of the shear stresses at the end wall in the v-velocity
equation.

Subroutine WALL is called from subroutine COEFF once for u-velocity,
and once for v-velocity.

121



A.5 The chemical-model subroutines, CHEM, SPECE, and CALC

These subroutines incorporate the computations involved with the
chemistry of the flow. The chemical-kinetics computations are
mainly incorporated in subroutines SPECE and CALC which are
simplified versions of those given in Ref. 3. These subroutines
have been simplified from their original general version to make
them more particular to the problem considered here.

A.5.1 Subroutine CHEM

This subroutine is divided into four chapters, each having

its own ENTRY and RETURN statements. .

Chapter 1. ENTRY TEMP

The function of this subprogram is to compute the temperature of
the gas mixture for specified stagnation enthalpy and composition.
The method described in Section 3.7 is followed. On entry into
this subprogram indices NS1 and NS2 are set appropriate values
depending on whether the chemical-kinetics solution is required
(KNTCS=1) or not required (KNTCS=0).

The DO-115 loop spans all the internal cross-stream points.

Firstly the mass fraction of unburnt fuel is restricted to be

no greater than the mixture fraction. Next the concentrations

of oxygen and products (considered as one species) are obtained,
the concentration of nitrogen is obtained by a process of
subtraction in the D0O-105 loop. Finally, the DO-110 loop
incorporates the Newton-Raphson iteration scheme for temperature.
At each iteration the enthalpy (HMIX)and the specific heat (CPMIX)of
the equilibrium-product-species are obtained using polynomial

fits; thus the computation of each individual species-concentration
is avoided. The number of iterations is restricted to NTMAX

or less if the normalised change in temperature from one

iteration to the next is less than EPST. Both NTMAX and EPST
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are defined in Chapter 4 of BLOCK DATA.

Subprogram TEMP is called from subroutine MAIN (Chapter 9).

Chapter 2. ENTRY DENS

The function of this subprogram is to determine the density

of the gas mixture. The density is computed in the D0O-210

loop which spans all internal cross-stream points. In obtaining
the mean molecular weight of the gas mixture, the contribution
of the equilibrium-product-species is obtained by means of a
polynomial involving temperature. :

Subprogram DENS is called from subroutine MAIN (Chapter 9), when
INERT equals 2 (reacting flows).

Chapter 3. ENTRY EQUIL
The function of this subprogram is to obtain the concentrations

of the equilibrium-product-species. This is done by using
polynomial expressions described in Section 3.5.4.

This subprogram is called from subroutine MAIN (Chapter 9), when
INERT equals 2 (reacting flows), and IEQUIL equals unity.

Chapter 4. ENTRY KINE
This subprogram is used to obtain the concentrations of the NOX—

species by reference to kinetically-controlled reactions.

Firstly initial estimates for the concentrations of the NOx—species
are specified at the cross-stream plane being solved for and the one
downstream of it. This is done by simply setting these values
equal to those at the corresponding upstream grid node. This

is done in the DO0-482 loop which is accessed only during the first
iterative sweep for the solution of the NOx—species (i.e. ISWEEP,
EQ. KSWEEP or (KSWEEP+1)); the chemical-kinetics solution is
started after other variables have undergone KSWEEP number

bof iterative sweeps and have stabilized to a‘certain extent.
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The DO-487 loop spans all the internal cross-stream points. 1In
this loop the following operations are performed at each grid
node:

° computation of the mole numbers of all the species and
storiug them in the S2-array (D0-486 loop);

° computation of the 'weighted averages of the mole numbers of
the NOx-species at the four neighbouring nodes and storing
them in the Sl-array (DO-488 loop) (this corresponds to
0; of equation (121), Section 3.6.1);

® a call to subroutine SPECE to obtain the chemical-kinetics
solution (i.e. mole numbers of the NOx—species) for temperatures
greater than 550°K;

) conversion of the mole numbers to mass fractions (DO-489 and
DO-490 loops);

) adjusting the mass fraction of nitrogen to ensure that all
mass fractions add to unity (D0O-493 loop).

It will also be noted that should a converged solution be not obtained
from subroutine SPECE (as indicated by CONVG=.FALSE.)a warning

message is printed out and the NOx-species—concentrations set

equal to the weighted averages of their concentrations at the

four neighbouring nodes (DO-402 loop). This is also done for
temperatures not greater than 550°K.

Subprogram KINE is called subroutine MAIN (Chapter 9) when
ISWEEP3KSWEEP and KNTCS=1.
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A.H.2 Subroutine SPECE

The function of this subroutine is to control the Newton-Raphson
lteration procedure for the solution of the chemical-kinetics
equations as described in Section 3.6. This subroutine consists
of five chaptoers.

In Chapter 1 the logarithms of the species mole-numbers are
computed in the DO-10 loop. The sum of the species mole-numbers
and its logarithm are also computed heve. The size of the
correction matrix, IMAT, is then specified.

In Chaptexr 2 the main iteration loop (DO-170Q) is started. The
elements of the Newton-Raphson correction matrix are set up by a
call to subroutine CALC. Sunsequent statements in Chapter 2
involve the standard Gaussian pivotal eliminaticon solution
procedure for the correction matrix.

In Chapter 3 the under-relaxation parameter ETA is computed as
deseribed in Ref. 2,

In Chapter 4 the species mole numbers are covvocted, the corrections
being scaled by the factor ETA.

In Chapter 5 the convergence eriterion is applied (Section

3.6.3). If all the species mole numbers have converged

to within a user-specified tolerance limit EPSS, the variable
CONVG is set equal to .TRUE., and iteration is stopped. Qtherwise
the same set of operations is repeated until convergence is
achieved; the maximum number of iterations being restricted to
TTMAX. Values of Loth ITMAS and EPSS are set in BLOCK DATA
(Chapter 4).
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Provision is made for printout of several quantities for
diagnostic purposes at various stages of this subroutine. This

printout is triggered by setting IDEBUG equal to one in Chapter
4 of BLOCK DATA.

Subroutine SPECE is called from subroutine CHEM (ENTRY KINE).

A.5.3 Subroutine CALC

Thc function of this subroutine is to construct the Newton-Raphson
correction matrix for the solution of the chemical-kinetics
equations as described in Section 3.6. This subroutine consists
of three chapters.

In Chapter 1 all the elements of the correction matrix are initialised
to zero. The mixture density is also computed.

In Chapter2 the forward and reverse rates for each reaction are
computed in the DO-100 loop. Only three different types of
reactions have been considered:

MODE = 1 A+B-~+C+D
MODE = 2 AB+M~»> A +B+ M
MODE = 3 A+B+M->AB + M

Relevant Fortran statements are provided to determine the reaction
type and for MODES 2 and 3, control is transferred to statements
20 and 30 respectively. Subsequent statements compute the correc-
tion matrix elements as per the equations given in Section 3.6.
All these operations are performed for each reaction in the

DO-~-100 loop.
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Chapter 3 completes the calculation of the matrix elements; the
term A,pi of equation (121) is added to the diagonal elements

and the term A, (ai - Gi*) of equation (121) is added to the
last column of the correction matrix.

Subroutine CALC is called from Chaptexr 2 of subroutine SPECE.
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A.6 The Computational Subroutines, COEFF, CONST, FLOWM, ADJUST,
GEOM and TEST

A.6.1 Subroutine COEFF

This subroutine is used to set up the finite--difference coefficients
and solve the finite-difference equations of the various dependent -

variables. It is divided into five chapters which are described
below.

Chapter 1. Preliminaries

The upwind scheme of combining the diffusion and convection terms
is defined here by means of an arithmetic statement function.
Following this, are IF-statements which transfer control to the
appropriate part of the subroutine depending on the variable being
solved. Next the diffusion fluxes for the continuity cells on
the current line and the one downstream (in the march direction)
of it are computed in the DO-158 loop. The statements here are
the Fortran equivalents of the equations given in Sec. 3.3.2(c). .
Care is taken to ensure that the diffusion terms on the boundaries
are zero; the boundary effects being introduced through source
terms later on.

Chapter 2. Coefficients for u-equation

In this chapter the finite-difference coefficients of the x-
momentum equation are computed: (a) in the DO-26 loop when sweeping
in the positive-x direction (INC=1); and (b) in the DO-27 loop

when sweeping in the negative-x direction (INC=-1). The programming
sequences here are simply the Fortran equivalents of the equations
given in Section 3.3.3.

Next subroutine SOURCE(JU) is called to obtain the source terms

and subroutine WALL to obtain the wall shear stresses. The TDMA
coefficients are set up in the DO-290 loop and the back-substitution
is done in the DO-292 loop. The residual errors are computed in
the DO-291 loop, just before the u-velocities are updated by the

.
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TDMA in the DO-292 loop.

Chapter 3. Coefficients for v-equation

In this chapter the finite-difference coefficients of the r-
momentum equation are computed in the DO-36 loop. The coding

is similar to that of chapter 2 above. Next subroutine SOURCE(JV)
is called for the source terms and subroutine WALL for the wall
shear stresses, The application of the TDMA is contained in the
DO-390 and DO-392 loops and the residual-ervor calculation is
contained in the DO-391 loop.

Chaptexr 4., Coefficients for pressure-correction equation

In this chapter the coefficients of the pressure-correction
equation are calculated (Sec. 3.3.4) in the DO-46 loop. Here it
is ensured that when sweeping in the positive-x direction (INC=1),
the west-coefficient AW is zero; since in this case only the
east-side u-velocities are affected by the pressure-correction
equation. Similarly, when sweeping in the negative-x direction
(INC=-1),the east-coefficient AE is set to zero.

Next subroutine SQURCE(JPP) is called to obtain the errox
mass-souree  associated with the 'starred! velocity field. Finally
the DO-490 and DO-492 loops contain a standard application of

the TDMA to obtain the pressure-corrections.

Chaptexr 5. Phi equation

In this chapter, the finite-difference coefficients of the

general § equation are computed in the DO-56 loop (Sec. 3.3.2(c)).
Next subroutine SQURCE(JPHI) is called to obtain the source terms,
The application of the TDMA is contained in the DO-590 and DO-592 loops
and the residual-error calculation in the DO-591 loop.

129



A.6.2 Subroutine CONST

Subroutine CONST sets constants for use within the program.
These are as follows:

° constants related to the total number of x and y grid points;
constants related to the storage of variables; N

° constants setting special points within the field to give
bressure reference and monitoring locations.

A.6.3 Subroutine FLOWM

This subroutine is used for the calculation of the convection

fluxes for the continuity cells on the current line and the one
downstream (in the march direction) of it. The calculation

is incorporated in several DO-loops in which the fluxes for the

different faces are computed. The reason for splitting the

computation into different DO-loops is that on any call to this .
subroutine only the fluxes which are required on that call may be
calculated by accessing the appropriate DO-loop. It will also
be noticed that the upwinding of density (e.g. equation (62))

in obtaining the fluxes is performed here.

»

A.6.4 Subroutine ADJUST

This subroutine is used to perform section-wise mass and
momentum balance and cell-wise continuity balance. It is divided
into three chapters which are described below.

Chapter 1.0verall-continuity correction

In this chapter section-wise mass balance is achieved. First the
integral mass flow rate associated with the 'starred' velocity

field is obtained: (a) in the DO-100 loop when sweeping in the

positive-x direction (INC=1); and (b) in the DO-1011 loop when ?
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sweeping in the negative-x direction (ING=-1), Then the u-velocities
are incremented by a uniform amount DELU in the DO-101 loop to
achieve section-wise mass balance.

Chapter 2, Cell-wise continuity correction

In this chapter cell-wise continuity is obtained by correcting the
'starred' velocities u* and v* as per equations (88) and (89) of
Section 3.3.4. The pressure is alsco augmented by an amount

equal to the pressure-correction times an under-relaxation factor
(as in equation (105) of Section 3.4,2); however the mean pressure
level is kept the same so as not to disturb overall momentum
balance,

Chapter 3. Overall-momentum correction - SNIP

This chapter incorporates the coding sequences for achieving
secticn-wise momentum balance. This follows the discussion of
Section 3.3.5. The average correction to the pressure field

(Ap of equation (97)) is obtained from the DO-302 loop. This Ap
is added to the pressures downstream of the current line in the
DO-315, DO-306, DO-308 and DO-309 loops, each of which deals with
one particular part of the combustor.

A.6.5 Subroutine GEOM

This subroutine is used to calculate quantities associated with
the finite-difference grid. It is divided into three chapters
which are described below.

Chaptexr 1. Radii

In thisychapter the radii of the grid nodes are obtained. These
are simply equal to the y-coordinates specified in Chapter 2 of
BLOCK DATA.
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Chapter 3. Cell-node distances

In this chapter the internodal distances DXG (D0-30 loop) and

DYG (DO-31 loop) and their reciprocals RDXG and RDYG are calculated.
The locations of the u-nodes, XU, are cbtained in the DO-323

loop. The distances between the u-nodes, DXU (and their
reciprocals, RDXU) are then calculated in the DO-33 loop. Next,

the v-node locations are calculated in the NDO-34 loop and the
distances between these nodes are obtained in the DO-35 loop,

Chapter 8. Cell dimensions
In this chapter the following quantities are caleulated:

. loengths of the main cells, SXG, SYG;

. lengths of the u-~-cells, SXU;

) lengths of the v-cells, SYV;

. the north and east face areas of the main cells, AREAN and
‘ AREAE;

e  the north and east face areas divided by the internodal

' distances, ANDDY and AEDDX;

° the volume of each main cell, VOL.

A.6.6 Sabroutine TEST

The function of this subroutine is to print iaformation fox
program testing apd debugging. The level of diagnostic detail
may be prescribed using the index KTES{ (defined in BLOCK DATA)
as follows:

KTEST=1 ! prints out the geometrical gquantities; gives the variable-
information; and prints the initial values in the tield. This is
contained in Chaptexr 1 of this subxoutine.

KTEST=2 : prints out the Jjust calculated wvalues of the dependent

variables; their residual sources; the pressure-correction
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quantities, as well as all quantities for KTEST=1. This is
contained in Chapter 2 of this subroutine.

KTEST=3 : prints out the finite-difference coefficients; the

convection and diffusion fluxes, as well as all quantities for
KTEST=1 and 2. This is contained in Chapter 3 of this subroutine.
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A.7 The Thermochemical prqperty‘subroutines, REACT and ECPS
These subroutines are concerned with the input and calculation
of certain thermodynamic quantities. They have been adpated from

Ref. 3 with some changes.

A.7.1 Subroutine REACT

The function of this subroutine is to read, store and process
thermochemical data. This subroutine is divided into 4 chapters.

In Chapter 1 certain quantities are defined through data state-
ments. Then follow statements which cause control to be trans-
ferred to the appropriate chapter. This depends on which of the
words ELEMENTS, THERMO, MECHANISM, or a blank card is encountered
in the data deck;‘ Data cards must be in this order, since element
data is needed to process thermodynamic data, and thermodynamic
data for kinetic-mechanism data. If the chemical-kinetics
solution is not required (i.e. KNTCS=0), the kinetic-mechanism
data is not read.

Chapter 2 deals with element data. Here onedata card is read
for 'each element considered. The contents and format of each
data card are given in Table A.1. The total numbér of elements
is designated by NLM.

Chapter 3 deals with thermochemical data. Entry into Chapter 3
occurs after completion of Chapter 2 and via statement number

5. Four data cards are read for each chemical species considered,
The contents and tformat of each data card are given in Table A.2.
~After the data cards for each species are read, its molecular
weight-is comﬁuted in the DQ-24 loop. The total number of species
is designated by NS. |

The polynomial coefficients Z(I,J,K) for the thermodynamic
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TABLE A.1
ELEMENT DATA CARDS

Order :
v 4 nc
of data Contents Format goi&mn%
cards AR
Fivst ELEMENTS 3A4 1 to 8
Any Ona oaxd for each element present in
order the gystom, Each card contains:
(1) Atomic symbol of element. A2 1 to 2
(i) Atonice welight of olement, F10.6 8 to 17
(iii) Valence or oxidation state of
the element (positive, negative,
ar #mero). 10.6 18 ta 27
Last Blank card. : - -
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THERMOCHEMICAL DATA CARDS

Order
of data Contents Format Card
cards Columns
First THERMO 3A4 1 to 6
Any A set of four data cards for each
order species considered. The cards in
sequence and contain:
(1)(a) Molecular symbol or name of
species. 3A4 1 to 12
(b) Date. 2A3 19 to 24
(¢) Atomic symbols & formula 4(A2,73.0)| 25 to 44
(d) Phase (gas only, letter G). Al , 45
(é) Temperature range, degrees K. 2F10.3 46 to 65
(f) Card number. 115 80
(2)(a) Coefficients 2. (1 1,5) for
- upper temperature range, 5E15.8 1 to 75
(b) Card number. I5 80
(3)(a) Coefficients Zg and Z, for
upper temperature range '
and Zy, Zz, and 25 for the
lower range. 5E15.8 1 to 75
(b) Card number. I5 80
(4)(a) Coefficients 2,(i=4,7) for
the lower temperature range. 4E15.8 1 to 60
(b) Card number 120 80
Last Blank Card. - -
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TABLE A.3
REACTION MECHANISM DATA CARDS

Order Card
of data Contents Format Columns
card
First MECHANISM 3A4 1 to 9
Any One data card for each forward
order (or optionally, reverse) reaction
considered.
Each card contains:
(i) Molecular symbols of upto
three reactant speciesk. 3(2a4) 1 to 24
(ii) Molecular symbols of upto
three product spoecleax, ' 3(24a4) 25 to 48
(1i1)) Exponent BJ**, 8.3 49 to 56
(iv) Exponent Nj**. 8.3 57 to 64
(v) Activation temperature Tactj**' ¥8.3 65 to 72
(vi)(a) TFor forward reactions,
date or comments. 2A4 73 to 80
(b) For reverse reactions,
REVERSE*+, ' 274 73 to 79
Last Blank card. - -

¥Molecular symbols must be identical to those used in
thermochemical data cards.

**Quantities as defined in:

B

K.. = 10§ T N; exp (”Tmcti/T) with units

£
mB/ (kg-nmole-sec) for bimelecular reactions,
and m6/ (kg~mole)zsec for termolecular reactions.
*When REVERSE is specified, Columns 1 to 48 are ignored. The

data card with reverse rate data must follow immediately the
card with the corresponding forward rate data.
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properties are divided by the respective molecular weights in the
DO-27 loop. Since the preSent program performs computations
with species mass fractions rather than mole numbers, the co-
efficients will be required in this modified form.

Chapter 4 deals with kinetic-mechanism data. Entry into Chapter
4 occurs after completion of Chapter 3 and via statement number
5. One data card is read for each reaction considered. The
contents and format of each data card are given in Table A.3.

In statements 33 to 38, the numbers to be stored in the ID (N,J)
array are calculated. ID (N,J) is equal to the species index
number I (I=1,NS) of the Nth (N=1,4) species which appears in the
Jth (J=1,JJ) reaction.

Thus for the reaction

N + NO = Ng + O (Jth reaction).

ID (1,J)=IDN, ID(2,J)=IDNO, ID(3,J)=IDN2, ID(4,J)=IDO. IDN, IDNO,
etc., which identify the different species are defined in Chapter
3 of subroutine BLOCK DATA.

The rest of Chapter 4 is devoted to the computation of the reverse
reaction fates, for each forward reaction rate just read in.

The reverse reaction constant is obtained from the ratio of the
forward reaction rate constaat and the equilibrium constant.

This is done for fifteen temperatures between 1000°K and 3000°K
and the reverse rate parameters are obtained by a least-square

- linear regression analysis. Details of this computational
procedure are given in Ref 3.

If however, the reverse rate data is also supplied on a data card
whiqh is sﬂbequently read, the calculated reverse rate parameters
are overwritten. This is indicated by the statement Just
preceding statement number 32.
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Subroutine REACT is called from Chapter 4 of subroutine MAIN.

A.7.2 Subroutine HCPS

The function of this subroutine is to compute cextain thermodynamic
quantities (See Section 5.2).

On entry into this subroutine a check is made to see if the
temperature is less than 1000°K; this is to decide whether to

use the coefficients for the lower (temperature <1000°K) or the
higher (temperature >1000°K) temperature range. Depending on
the value assigned to the variable IHCPS, the following properties
are computed:

(i) TIHCPS

It
[

! The non-dimensional species enthalpy HO(I) and
the non-dimensional mixture enthalpy
HSUM are computed in the DO-5 loop.

(ii) IHCPS

i
o

The non-dimensional species enthalpy HO(I), the
non-dimensional mixture enthalpy HSUM and the
non-dimensional mixture specific heat CPSUM are
computed in the DO-10 loop.

I
&5

(iii)IHCPS : The non-dimensional species enthalpy HO(I), and
the non-dimensional species entropy SO(I) at

one-atmosphere are computed in the DO-BOflcop‘
Subroutine HCPS is called from:

(a) Subroutine REACT, Chapter 4, during the computation of reverse
reaction rate parameters, with IHCPS=3;
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(e)
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Subroutine MAIN:

Chapter 5§, to obtailn inlet enthalpies of the fuel and air
Streams, with YHCPS=1;

Chapter 9, to obtain the mixture enthalpy and specific heat, with
THCDS =32 ;

Subroutine CHEM:

Chapter 1 (ENTRY TEMP), to obtain the mixture enthalpy and
spacitic heat, with IHCPS=2,



APPENDIX B

LISTING OF THE NASCO II COMPUTER PROGRAM
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5/SPLCES/NASUBLI20+3) +CPSUMHSUMoHO (18 ) o SMWI14)+S0(14)eS1(14), BD000370
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DATA AS1/«2e126E401 ¢ 1e293E402¢~4798C402 7.899E+02, BD000960
1 «5e9H1IE=019=5.5B80E~03s 1.015C-014~4e767E-01, BLN00970
2 ~3+526E4+010 1.850E+02+=6+634E402 1.072E403, 30000980
3 ~2e2S6E+01y 1.089E+024-3.990E+020 6.552E+402 80000990
4 ~7e9B1E~019~4.693E=03¢ BTHSE=024=4,284E~01, 80001000
5 ~3e131E4+01¢ Lo85S3E4024-6.487E+02¢ 1.028E403, BU001010
-6 «1e950E+01s 1e14UE4024=4+013E402¢ 643750402, 80001020
X =1e39AE+ULle SBBBE+ULe~4e642E 401 14943E+01, BD001030
1 ~6+84820=010 4.791E-014~1.261C400, #.391E-01, BUO01040O
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2 «2eNTHEHDL e HUYIEH40L =659 401y 2.931E¢01, BONO10S0

3 ~leb4BRE+01 s 3.UB0E+01v=3.982E¢01¢ 1.668E+01, BO0010sY

4 «80100C=01¢ 1.802E=01¢-6237¢~01y 2.417E=01, BLO03070

3) 205604010 HeY16E+014=T7.200L401s 3,053E+401, BD0030p0

6 =1e209C4010 ¢ 3.015E401+=4.415¢401, 1,871E4+01/ BL001090

DATA PEXP/=0e590e00=0e754=06500000=0:5,=0.25/ so001100

DAYN GASCHZ83314 .4/ 80001110

DATA TNINGTHAX/2004U4U00,07 BO001120

DAFA STUICHARRCON «PREEXP/7440,1800060,0, 01/ 80001130

DATA HFU«CMIX WMIX/ U UOET 1100,“&29 o/ B000r140

DATA EMUREF /71, ,8E =5/ BLO01150

DATA PRLePRT/241.0023%0,7¢2%1,0¢23%0,86/ BD0011s0

UNTA AKWLGALL/0.435¢9,0/ 380001170

DALA KLT/Z2/ BL0011n0

DATA IRERTZ2/ BD001190
C..-..---------------_--------- ------ -------;.---ee-------------------.-.---BUUU1200
CHAPTER % 9 5 % & % 5 5 STARTING VALUES 5 5 5 § 8§ 5 § 530001210
c-—-- --------------------- - - g e - ---"---—--------‘-----‘-----=.—-,--—BU001220
DAIA I&WLEP/O/ BD001230

DATA ARSL/62520,0/ BD001240

DAIA RSLLINE/Z625%0.0/ ’ BUO01250

DATA IXMOULYHAOM/ D303/ BD001260

DATA IXPREF « 1YPREF/72+¢2/ BUOVL1Z270

DATA Follv/211889%0,0020%0,0/ 80001280

DATA DIFE OLFEE JDIFHWDIFNE DIFW/100%0,0/7 B0001290

DATA FLUWE o TLOWEL « FLOWH s FLOWNE ¢« FLOWW/10U%0, U/ 80001300

CAILA PRESS/2,0E5/ BD001310

DAIN EMF sENA/ZL J4E~S503,6L=4/ BLO01320
Creea=Tw0 STRLAMS CHTERING = STREAM 8 IS PURE FUELe AHU STREAM 80001330
¢ C 1S pIR, BLUOV1340
DAIA TBaTC/Z275.04027900/ BD001350

DATA FURWFUC/1.04040/0UXBoOXC/040400232/ BLOV1360
Conmccnrrrncccran—cccncenmne emmrccenm—- ctncmnenerccscaersccrnannren=ea30001370
CHAPTER 7 7 7 7 7 7 1 BOUNDARY CONDITIONS 7 7 T 7 7 7 7T 80001380
Commmmm e e e a e oo o= ——————— = = o = = B X T memnrcemnsee===B0001390
DATA COMD/ZHL.,8%/4S1I6MA/5, 67L B/ BDOC1400

1 SIXIeSIX:)/7240,003/eSTL1eST110/2%04003/¢S121e¢ST20/2%0,003/, BLO01410

2 UIHE/1e7 W VINF/Ya/ o VINF/300607 RHOINF /1,07 BOO01420
SoLMIJIOnEWISZIoLMlSdOohMlSXl'EMlbxnlﬁtO.Us/ 80001430
Commmemsvocammonnecsenemn—n medmmmmsana- cecuammcem - e p——— - 11 L E YY)
CHAPTER 8 8 8 6 ®» 8 8 0 8 AUVANLE & 8 8 8 84 8 8 8 B8 BLOOLYSO
c.---’------‘--——---------..---’------“"-‘-’0---"“-‘-"“"0“-"‘----'0------.--[3”001“60
uann NIUMA/Z 37 ' BD001470
Commmtimmmmn e smee - ———————— P S cncmmman cremmecaneeee=30001480
cnnvreu 11 11 11 11 11 1% 11 PRINI 11 11 11 11 11 11 1)} BDoDiug0
C-—-—— ----------- - - - - - - - - - -y - - - -------—-.------80001500
DATA KlNPRl/l/ BD001510

PDATA NUtICHL/Z10/ BL001520

UA]A IPLRS IRRIMY 7500200/ BDD01530

Commm e P oma m - ki o e e e e B A U I ---BD001540
CHAPTER 12 12 12 ‘12 12 12 12 DLCILE 12 12 12 12 12 12 12 80001550
o T L —m e e e — .- —amm—- 3L001560

144

< - . - - e ey g oty Manp g A . i, 1A o+ AR Nalo gt

S g ot




= L { - } NS P /1 | OO S U O S
, . auouxsvg
DALA LSWEEP/150 8000158
' DATA RSCHEKCCHLCh/ZU,0140, 005/ 80001590
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S e s e B

. . . -

MANQDO10

Cemncaumoecne ios cmrmmncescmr e mecm—a- O LRIt 17X 11111 1) -1 |
cHAPTER 0 0 2 n UECLARATIONS 0 0.0 ¢ 0 o0 0n 0 n MANDDOZRD
[ e e emmeEean S e w e — e ———- memimmceeene—n——— P Y 1Y, 1 1Y (')
CuMMoi /0.0 N/ U(uﬂﬂ)-V(“?S)oH(ﬁOO)vFM(Snﬂ)oFUE( 500) «FSE500015) MAN00D%0

1 FPLURN) o TrMISA0) o (H14) yREO(SNAN) dEMU(SN0) MAN00OARO

1 LAG(25) e Xt 2G) o KOUNT(29) «RDXG(25) sROXII(25) «RSXG (25 ) ¢RSXH(25) o MANCOO070

A STOREL S eBAG(ES ) eSAUIZS ) o X(25) e XUIPG) o MAD000RD

A P20V FL20) o AP0 o NREAE(20) ¢ AS(20) ¢ ASNIP(20) 4AW(20) 4B E20) 0 MANG0030

4 BSIIPC2000C(20) «CSHIP(20) +DIFE(20) eDTIFEEL2N) o IIFN(20) o MA0CD100

S TIFNEAZ QY o)W 20) o DSHIP(20),0NUC20) «1VI20) DYG(2D) eDYVIZN) . MAOO0110

o FLO GO o TLOREE (20) oFLOWMNI20) oFLOWNE. (20) o FLOWW (20 ) 4K (200 MABC0120

T EOYRE20) JROYV(20) oRSYGL20) 9RSYV(20) oIV (20) «RVCN(20) yHVEQ(20) MAN00130

BSPE20) ¢S 12001 4SYGLR0) 2 0YV(20) 0 Y(20) oYV (20 ) o AERDX(S00) o MADOO0149

9 ANDOY (L0 sARCAR(SN0) ¢ VOLIS00) o MANDO1s0

X ARSU (2908 e NIFF(25) o RLI2S) e PRTI(28) 4 NSLINE(25425) MANDD1A0

1 TEWE25 o TLAST(29) o+ IMON(25) ¢ IXNY(25) ¢ I7ERN(PS) +KSOLVE (25) MA0O00170

2 LSRECETS) o HSSINI(25) o TLTLE(25) MA0D01AR0
DIMEHSTION DIFHE(20) DIFwh(20) +F(11889) FLOWHW(20) yFLOWWW (20) MANOD190
LLUTYALT NrECF 1) o (1) ) o (FLOWIW (L) sFLOWNC 1)) o (FLOV ,51) e MADO0200

T LLOYFELLY ) o ADNIFRWILYsDIFHECL) ) » (DIFWH L) 2 OIFEF (1) ' MA000210
COMAI/COUMBY MAND0D220

1 /\K'!H!Ru.l')vIvHIGvCCHtCKoC”IXv“I\T/\(6)oUPvELlcel.Ztﬁ.NAoﬂMFoE“UREF; MA0OOD230

2 EPST L PATEWALL FLOBoFLOCYFLOWINFLOWST +FLOWURWFSTOIC MANC0240

3 FSTOLMF B eFUC ITFUsHU s INCy INERT o TPLRS « IPREF o IPRIMNT s ISNIP, MANO0250

G TSWETPoI> o IXMOH s IXPREF « IXPL o IXULIXUPT o IXW o IXINY e IXINYU MAND020

S IX1adv) Ix2HY1aIX2NY2 e AYF o IYFML o IYFUEL ¢ IYL o IYLMLeIYLP1 o IYMON, MANO0270

6 1YPREF o IYWoIYWnl o IYWPL +JEMUsJFMeJFUR ¢ UH e JLAST 4 UP o« JPP ¢ JRHN MANQDO2A0

7 JS14JS 0 uTEM S JVeKASE K INPRI oKL T oKIRAD s KRHOMU , KSWEER 4KTEST MAQ00290

8 LABPHI s LaWECh ¢ HSOLVE »NTDMALHTMAX yNTRAV ¢ NUMCOL o X ¢ NXMAX e NXMT ¢ MA0OOO03n0

D DX G IY e HIXYP G HXYU o HIXYV Y NYMAX oY M1 ¢ NYM2 ¢OXBeOXCoPUAY, MANDO0310

A PRUGHKP o1 CESS o RELAXP ¢ hF o RFSTMyRSCHEK ¢ NSMAX s RIT«R10¢R21I4R20 MANGO 320

1 STOLLH T (o TC oV IHNY ¢ TMAX ¢ TMIN qUB sUC 4 WMIX - MAO00330D
LLGICAL COWVG MAQOO340
CodMoll DEX72 TOCOTUCU2IDF o IDH G IUH2 ¢ IDHZ20 ¢ IO« TDOH L, IDOD « IDN MAND0O 350

1IN0 I 92 ¢ TINI2 o IDN20 JEGUIL ¢ IHCPS o IPR yJJ e KNTCS o NA o LM ¢ MAU003A0

2 PSeulEl oi!'SU2 e HSKoNSMiMNSLINS2410(4415) MAOUO370

32 MRS/ COHVE LMY WEPSS s GASCON ¢ IOEBUG ¢ TTMAX +PAySMyTINYK s TKe TLN«TNYMANOC 03RO
H/5PECLS/ARUB(2003) +CPSUNHSUM IO C14) o SMU(14) 2S04 ) 9S1(24 ), MAND0 390

6 82(14)42(207414) MAQOOY400
T/CLRITL/AC L oACD yACS o ACH o AHL s AHI2 yAHB o ALl g ASMY o ASM2 ¢ ASINZ ¢ ASMY o MADOOH410

§ NS1tY o7 ex) o )JINTV ol IMAX «HILX[IWPEXP(T) MADGOY4 20
YVLEACTS/P: (15)41A2(15) o TACTIS) «TACT2(15) v TEN(15 ) TENZ2(15) ‘MANOOY R0
ColPatZnT s/ M UPL1LeALHRIO dALHR2T ¢ ALNR20sCONDWEL 3 o ‘MANOOY44O

1 EMIRLO ok IS2Y JFHISROENISXT oM ISXOREMI RHOINF o MA0DO0USO

1 lemA.<TrI.Srwn.s111-3110.87?1'STao.TrmF'UINF.VIMF.wnuFA MANOO4RO
Ceicmmcmom e icn o e ——— Cm e mwmeemsaeemee etk m—————— ceemeaew=MA000470
CHAPTER 1 1 1 11111111 PuleMINAnxr 11112111111 1MAQOO4AR0
r.----.- ------------ - - - - e G . - - - - - - T ey o - o - -~—---—--~---MA000‘490
c MAONDS500
Coemme=fFL OV LI} A TodQ=-COHCENTIRIC-T1ULE COMBUSTOR . MACO00510
C MAN00520
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. Commimmeme el lcccecemecccccccceemicicrcnacecclceepmmncmcennna=a=NAN00530

CHAPTEK 2 » 2 2 2 2 2 2 Gi1D 22222 p22222222222 PMANDOSHO

[ o, e T L LT repmpuan B Yy Sy, -—--------------------.---MA000550

. € =memeeeeccccmamamaaee QUARTITIES RELATED TO NX AND NY MANDD540
CALL COIIST(2) MAD00S70

. C------------—---e----------------------- CALCULATE GRID QUAWNTTITIES MANOOSAD
Cnll GEUHM MANONS90

IF(KTEST,GT.0) CALL TEST(11) o MAD00600

c----n—------- - e o -- .‘-'“-.!F------------‘—n-”---—-----------”&'\ﬂ----;-;-MA000610

CHAPTF? 3 & 3 3 3 5 3 VARIABLES 3 3 3 3 3333333323333 MA000G20

‘ ----------------------------------------------- ----------‘---—-—------ﬁ1h0006%0

Coosene VAPIA.L# IUNICES ARE UEFINED IN CHAPTER 3 OF BLOCK DATA. MAND0640

c MADD0GS0

c Ju U=VEILOCITY MANO06A0

C Jv V=VELLOCLTY . . MAND0670

c JH STAGMATION EMTHALPY MANDQ6ERO

(o JFM WIXTURE FRACTION MADV0A90

C b ur vhbkuRMNT FUEL MASS FRACTION MA0D0700

c JPp PRESSURE CORRLCTION . MABODT710

(o} MAD00720

(v ThHICES OF SCCOMDARY VARLIABLES ARES - MA0D0730

c J1EM TE“PERATURE D MAODOT7u40

C b FRESSURL MA00O750

¢ JRHO GENSITY MADOOT740

C JEM rFFECTIVE VISCOSITY I ‘ MADDO770

* Crcvmenrrec s nnncm. L L DT CONSTANTS RELATEN Yo VARIABLES MAQOOTAD
. CALL CONST(3) MAN00790
IF(KTEST GT«.0) CALL TEST(12) . MAD0O0800

C v msmmme e e mm e e —m—————— - n o e e o N S . cammenmaew=MANC0810

. CCHAPTER 4 0 % 4 4 % 4 4 PROPERTY DATA 4 4 4 4 4 q 4 % 4 4% 4 4 4 MANDOBDO
c -------------------- - e e -0----:.:.; ------- - e -;---MI\OUOBKO

" CALL RCALI MAODOBYO
IF (FLT.EDel) RO ro 4u2 ' MANC08%0

DO YL Jdz=1edPP MANOOBAO

401 PREFF (JJY=iRT D) 0 MADO0870

56 T 404 . HMA0008AR0

402 DU NS J=)edep : : MAD0GB90

403 PREFI (J)=PRLLY) MA000900

(R it L R LS P PR ———————— PUT REFERENCE VALUES IN FLELD - MAND00910

C MA000920

B04 RHORPF=ERF SY%WMIX/ (GASCON*TC) MANDO093A0

DU H0 I=1.hXYG MAN00940

RHOC1) =i UREF ' MANDO0950

W CHUCE) = MUREF MAND09a0

C ) . MA000970
FSTUIC=0XC/ (0XCHASTOLCH) ‘ . MAD009A0

rk1u1m lali=FSTULC : . v MAN00990
RFST=1,0/F5TOLH MA001000
Coidmmmitimem e cimuss o i G e e e 0 8 e e O e B im0 - cenm .- mmcennen=MAN01010

CHAPTER 5 5 5 % 8 STARVING PREPARATIONb 5 5 5 5 5 § 5 5 MAN0102V

o P S S P ST A SO U SO SO LR BRI Tppomy  1 Y9 1§ ¥ I 1 1)

C : MAQD1040



C u=w

B e

CALL CORSTLY)
L1 3=R20=Ral
W Ml=1,0/LMI821-1.0
Rat=0, Bt‘R&ﬂQR I
W REA=P e (R20O=K21)
A HBRLT= ALQG‘R(IVN)/RII'
ALURLO=ALCGIRIV/R(IYW))
At HRZ2T=ALUGIR2M/R2T)
ALNR20=ALOG(R20/R2M)

PLGSGUI=RESS/ZGASCUN *
PEB=1,0=- 1HB=UXB

Prb=),0=-Fnl=-0XC

wi= Oxu/'Mu(luup)trun/th(1UF)+Pnn/sMn‘1nup)
wC=0NE/3MM (TUN2 Y HFUC/SANLIDF ) +PRC/SMW(TUNZ)
REOR=PDLSLHZ{NRSTR)
RUOL=RDESON/Z(WCHTC)
FLOLSCME /e 2831853

FLOV =T LABHFLOC

THECPS=),

nsi=100n0

I,L\d .‘”l)a 0

Th=Ti

S&C10 Y=pRy

SECILE) =g

SALI00ZY=0Xn

crkl HCI'S

EBTHR=HSUN#GASRNNTH

TE=TL

S2tInmeiz=iRC

setIpr)=ruc

S (Ip02)r=0xC

caLl HCrs

CHTHC=HSU «&GASCOHATC
H(‘Fl;C/(u-htrnnct(RIItRF)t(le-RF))
ULEFLIBYZ (e SRRUNBERFRR2)

IYWMI=Trwel

IveMi=Iru=-1

=== ROEALLISTIHG FACTURbo

RSNREF ()= LOWIT«UC °

RSREFEA Y= RS]FF (JU)

REREF L' D =ATBS (7 MIHB*FLOBH+ENTHC*FLOC)
REREF (JEMy=FLOWIN

RSREF (v Ur ) =FLONIN

RERET (P y=lLOUIN

nnUTz(hATIB«FLﬂUQLNIHL‘kLOC)/rLowlN
FOUT=(FoB+ FLOBRAr LC*FLOC) /T LOWEIN

OxOUI = XOAFLOR+OXCHFLOC) ZFLOWIR
ER2ONT= (LB ¥ Lok +PREXFLOC) /ZFLOWIN
FUBRATZARAXILTTHY o (EOUT=FSTOTC) *RESTH)

LUITIALISE DEFENDENT 'VARIABLE F1E1DS

MAD010%0
MA0D010&0
MAQO01070
MA0D10AC
MANO1090
MAOU1100
MANO1140
MADO1120
MANO1130
MAGO1140
MAOULLS0
MADD1140
MAND1170
MA0011R0
MANO1190
MA001200
MAND1210
MANC1250
MADD1230
MAD01240 .
MADO12%0
MANO1240
MANG1270
MANO12A0
MAD01290
MA001300
MA001310
MAQO01300
MA0O1330
MAOQ1340
MA001350
MA0DO13/0
MA0O01370
MAND1340
MAOD1390
MA0D1400
MADO1410
MANO1Y4o0
MADO1Yy 30
MANO14uD
MANOL1Y4S0
MADDLY A0
MAND1I4%70
MANOLYAD
MARO1490
MAD01500
MAND1S10
MAD01520
MADD1530
MANOLISLO
MANO1S5K0
MAND1S&0



PROUT= (L QUT=-FURRET IS UL USTOLGH) nAo01570

DABRDTEMIARTUTTHY ¢ ( La O=FOUT/ZFSTUIC) ¢0XC) ’ MA001%a0
TERMTRTU 0 el UT=FUBRNT) /CMIX MADD1590
RUQBDTENRLSCN P IX 2 TBRET MAQD1600
UDUTSELLWINZ L0 SeatiOBITa (R21+R10) R (R2 T =10 ‘ MADOL610
DU B Iy Lty MAODL620
IVETY, WL I YFUFL)Y 6O TU H1 MANDL6AL
I eIvaliarys) an 10 53 MAQD1540
1 QLY. Gl 1YWY GO TO BY MADO016%50
Du H7 ez biXmy MANDL6AL
T=1Yv 4 {1X-1) sy MADD1670
Wexy=ye . MADOLEAD
57 YLMITI=1C . MAND1690
Gy Tu 9% MADO1T700
91 Du S la=y ol MAQOLT710
I=IYetIx=1)*NY MAQOLT20
Ut =ul MANO17A0
ML Y=ENIHR ) MADO17140
FHOL )y =Rl ~ DRI ) MAND17%0
FUbtTy=lun : ; N . \ MADDLT70
TEMLL =T OF gINAL PA(TE I8 MAQ01770
FS L TUN2)=RA QOR QUALITY MADO1TAO
Y B ST Y S MAQ01790
00 FSLIL1002)=UXR MADO1 80D
G+ Tu Y MADOL18Y0
W3 00 B Lr=svadlMg MADDLARP0
T=IV4 (da=-1 ) ey MAQULH RO *
Ut 1) =yC MAQDYBHO
ner=gue ; MAQ0168%0
Frihsrae : ’ MAO01840
FLELL)=T W . MA001870
WM =T i : . MANO1BA0
FSCLvibu2y=PRe ) MAND1890
PFRAYvIDN ) afue MAQO01900
g4 PR D2y =0XG MADO1910
LG TO G ) i MADQ1920
S% D b Ix=ielxry . MAND193X0
LAY Iy« { y sy MANOLIu0
WX =<ty B MAND19%50
pe=nony . MAQD L1940
(RN @ X V1V S MANO1970
FUEL LY =FyaRUT MADOLYAD
TEMETIRTHRNT MAQD1990
PPy akRouT MADD2000
FRllyIhagy=Lldpour © MAQL2010
ERUTY T Y =B RBRNT MAND20%0
PR, UGy S IRRNT MADO2030
UYL R, i) GO TR Be MAGO2040
U(l)?ﬁ\\c{’ MAN02080
ML= MAQQ2040
NG CUHT I MANO2070
TrXwhPIslrweld MAND20K0Q
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VIR T I S PAVTAS RYTF 41D )
1=l (=) ey
Hit)z=Uiyy
Wel)y=nony
Frely=rour
Fub tiy=t 01
TeigLy=YC
FSUI4 02214 0=FOUT~0X0QUT
FSEL 4O ) =f DUT
retly10ney=0xnul
I' (IV.NL .HY’ 30 ‘U 560
Utld=ney
HIy=rc
560 CONT [
S8 I=1Y40X 124NY
(RS ENFNY
59 CuNT (Ul
Ixltihy=plrMy Y
Ly SR TY=1leNy
=YY LXhtY
=ity
LMl =11
QA1 eI =TE (1)
Coramae I ITIALIZY OOX-SPLCIES ARKRAYS.
NG SL0 1X=243
IXIhy=(1%-1)xpy
LU D T¥zielvidiad
I=IYeIX300¢
FOUL I =14 0020
PSSt ID00I=1. 0 =1
FRULS D00 I=L L, 0 =20
SN FSILDL20)=1 . NE=-20
YLy =L R L) ¥NY
DU SH2 AY=IYkPL WNY
I=1Y el 0ty
Fotleil)=la0F~20
FRUl o=t 00 =15
FR4LafD0n)=21,08-20
B5H2 FSUE EDapaY=1, 08 -20
C
Tt TRSOLVE (JEM ) L0 0) O TO 92
LeUT=d a6 (FLONMFLUC ) /ZKRLE
DUBY? TX=1e0Y
1ALHY=(IX<1) %y
Lt S5U7 LY=1W0Y
1=y XMy
CreprystmT
637 COMT
[
32 10 (FSUL VY (N Y.L« 0) GO TO 598
DU B3R Xzl X ‘
TrIy={ 2l X=1)*uy
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MADO2090
MAQDR2100
MAQ02110
MAQD2120
MAND21%0
MAQD2140
MADO21%0
MAQD2140
MA002170
MADD21AR0
MAN02190
MADO2200
MADO2210
MADD2220Q
MADNB2230
MAQO22y40
MADND2250
MAD022A0
MAQ02270
MAQD22A0
MAQ02290
MAQ02300
MA002310
MAND2300
MAG02330
HMA002340
MAOD2380
MAND23&0
MAQD2370
HADO23R0
MAQQ2390
MADO02400
MAQD2410
MANO2400
MAcD24 X0
MANO2440
MAQD24 R0
MAQDB24/0
MANO2470
MAD024a0
MAQO2u490
MADO2500
MADD25%0
MANG2550
MAQU25A0
MANO2540
MAOD25%0
MAND25R0
MADD2S?0
MAQU2SA0
MAND2590 .
MAQD2600



- - e - some s

(%?IgHVAL PAGY J§

OOR GﬂlAldgar
DO B TYsLldNYL MAND2610
IT=IYV+ 18Ny MADDZ26H20
FUR=1 0T 2L TIF ) =FS T2 1002) MAND2630
VEIXEPS T W INF ) /S0 CT0E RS  IN02Y/7San CTUN2 Y +FPR/ZSMUW (10M2) MADD2610
B3R KuQUI=rnSCuZtvnIXeteneId) MANO26%0
C MAQD26A0
595 D HLy Hy=adhxed MAQO02670
IABLI=IX-1 MANO26A0
I7LHY =1 Moy MAQ02690
SR UINREIR G RRIA L MA002700
U B9y 1Ys2 .0y MAQD2710
I=IYeXXL0Y MAQQ2720
TvsIyslninwt MAQO27A0
1&V=ly=1 MAQD274u0
1520-1 MAQD27%0
LusL-ly , MAQ02760
SO0 VIV (S G CIS ) SAREAN OIS ) FAREAF (TY) 2 (U IW ) RRUO( IW) MAQD2T770
1 =UC Rt I) 1 ZRND T ) «AREAMN(T)) MAQD27A0
G MAQO2790
CALL QuIPuy tL) ' R MAG02800
Conmmmmm== . e S - o v PRINT OUT SYARTING VALULS MAD02810
1 {RIPRT 6T 0) CALL QUTRPUT(2) MAQD2820
C NAD0283%0
Cxxbpee MNEn SELEP STARTS HERE $xswx MAQO28u0
G MAN02850
50 TSWEE SIS LER ) MAQO28A0
IF G IsuERP2).ER0) GO TO 500 MAD02870
1=y MADO28A0
IX=1 MAQ 02890
Gl Tu Sm MA002900
800 Ith-l Mnnga9\o
IN=hy MAQ02920
501 LU Din Ley odep MA002930
510 R&SULtIJ)I=ne0 MAD02940
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Ixu=1x
NATHSr Q. =1y IxU=TX-1

IF (IxLE.IXW) GO TO suvo
Jyh=e
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stan 1P (C.L 1) o TO 6001
IYE=TYwirl
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GO T 6LRs
5001 IVF=C

. e . . v ..

o e i e 8 e . ame=MAGD29%0
666666666 6666 . MADD29A0
i iademh e mer s meaennnanerMA002970
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fyb=lvi - MANOD313x0

B0G2 TYFrisldb <} : MAD03140

yLMr=1rl =) MADO3150

IrLPL=I1Lyv MANO3140

FLOM St LW MANO3170

I (Ihe et e =2 ) OWUP=-FLUWIN MANDD3LA0

IECISU T IXWIFLUAUPS0 .0 ; MANO3190

HIRAY=0 MADD 3200

IXP1=IX+) : . MAQD ST

IXINY=(IxX~1)*NY MARO3250

ININYL=(IX=1)%lYMY MANO3230

IX2NY2=(IX=2) ®liYM2 ‘ MANO3240

IXUP1=1IXxU+1 MANG3280

IXINYUS{IXU=1)*NY MAND 3240

IX20YUS{TXU=2) «iNYMD MAND3270

DU Be JTSSeILAST . MANO32A0

&b IXIY LRIy =TX MY MANO03290

ITRIY puuy =1 X1yl MAQG3300

IMNY gV = Xv MAD03340

DUY(UP =T X2Y2 -1 . MANQ33250

t ’ MAOD03330

e e e et e e e e i e ——————— e eeeMAD03340

CNAPT[h TrTrTt 7 7 BOUNDARY LONDITIOHS 171T?T71T1T7TvTT1Tr? Mnnoasqn
Commmmn e - vl e s a—————— el m—————————— mmrmmamemanaesMADD33

¢ MA003370

Commmn~ SUE BLOLK DAFA. MAOD33n0

C MANO 3390

o m s m e e - o e e o e e e i e crmceamaaea=MADO3400

CHAPTER 8 0 4 8 8y » ADVANCE ‘ 8 nB8B8BYLABLLYSL BB MA0DO3410

C ———————————— S T e e W T T s e e e TSN TR W T8 e e e e e MR SR e A S v W ---------Mﬂ003u90

C**“-v Hy S LTIon ol A LINL OEGIHS HERE *+xex MAGO3430

¢ MANO3440

I COUNT "M rlUMBER. OF  TDMA TRAVERSES ON THE LINL MAQD 3450

80 WIRAV=HTRAV L MANO34A0

KGUNTCIN )N TRAY MAOU34 70

C SET QIFKFUSIUN TLRMS FUR CONTINUITY CELLS ON LINE MANO3YRO

IFCLgoEvetiX) GO TU 801 \ : MANCG 3490

CALL COoLEr (u) ‘ MA003500

IEAKTUS 0T e2) CALL TEST41) MAQO03510

¢ MAND3520

Cc SLT HASs LYW BATES FUR CONTINUITY CrLbks OH LINE MADO35%0

CALL FFLuewt (1) MAQO3S5u0

bl FLOwM(3) MADO3550

1 KTES 0T 2) CALL TEST(40) MANC35A0

Cev SOLVE FUOR DEPCHDEUT VARIABLES »x% MAND3STO

(o -~ MADO3SA0

IFCHIRAVGAT1)Y GO TO 801 ~ MANV 3590

AT, T U NXMY ORGIXUSRULL) 6L TO 801 ; MAQ03600

L&Hleey MAQ03610

LABI =y : MADOG 362U

Calide COLFR (JU ) MADO3630

CrLl ALJUKT 03 : Y MADO3640
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I ARTES T T 1) CALL TLST(2W) MAND36%0

At JuNle=y MAND3GAL
LU Bal RlI=) JHSOLVE MAQO 3470
ILARSOLVE {JPHY ) . ERLD) GU 1D oo MADD3&RO

IE AT et e JUG AN « ( TRUGGE XML oORGIXULFR L)) GO TO By MAQ03590
0DFSav=lvE MAQO3T00
0LSav=iv MADD3TYIO
TEAJPHTLE . diy L0 TO B2 MADD3T20
TEEI L XY GO TO BOU MA0O03T7x0

e TC 8 5 MADO3740

aup 1YF=p MAQ0ATRO
vuEny MARO03740
IYEM1=1vE-2 MAQDATYO
IYLMI=IYL=) MANORTAO
IYLPI=TY L) MANO3790

By LATPHE=JIPNY MAQD3800
Cnts COLFY tdPNT) MA0Q03810
IFIKTEST.GT.1) CALL TEST(21) MADD 3820

IYE=LVESAN MAQO38X0
IYLsIvLsay = MANOIBN0
IVEM =TIV w) MADO30850
TYLMi=ivL-2 MADD3BRD
IvLPisIvL st MADO3870
any CENT b . MADO3BAD
\: ————————— v“\«'-»-»‘--—uu-——'-——--h———--——--~—--—--~"—-—‘—°—~:‘--'-"--—-—--:--::—-'.MAOOSB‘;D
SUAPTER 9 9 9 € 9 CQMPLF]E 9 9 9 9 9 9 9 9 MADD3IYNO
Ay e e e TR e e 5 MR A e e T e b e e NS G e R e e e h---—‘--:——,-—‘—\-—-—\-—‘-——------;----:—-—-MAOOSB‘ 0
|(lnLRt.Lu 1) so YO UOJ MA0D3950

CrLL TE-P(RGOTO) MAQDAYRD
IFCIxE0eUX) GO0 TU 1250 MAQD3940
CrlL DENS(RBOTO) MADO39R0

1 TIFWUILLED. 1) CALL EWUTILIKGOTO) MADDZ9A0
TFARITER T W L« A0 ISWEEP JGEKSWEEP) CALL RINE{(KGOTO) MAND3970

HC TU 938 ’ MADOATIRO

9n% I (RSOLVE (JTENY . CuaD) L0 TO 935 MADU3390
PLGST =PRSS /06ASCUN MADD%000
meps=2a * MAOQ4010

N8 i=pone , MADO4ODPO

tS2= 19l MADOHONRD

DU 94D IV=IVE,IYL MAODL OO
IslY R IRANY MAQOHOSD
FLbiry= Ml MANOHQAD

PR TDUY =0RCX (L, 0=FMILD) MANO®RDTO
FEUL L0 Y2 UL L) MADQ{OAD
PstlyiDe2 )= 0=-FUt LD =ES (L T002) MAODHOR0
TRETIMIY) MADDH100
ELTH=0 L) 2GASEON MAQORLY O

NL 910 TS=NS1WNS2 MADTY Y0

9Lh SELIS)IEFSLIVIN) MAOO4LAG
DE VLS T T=1 o BTAN : MAQURLILO
CALL 118 , ) MADO{AND
DTEMP= 0 1IvHZ TR=1HSUM Y ZLPSUN MADDULAC
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I CAUSCOTENP) JLELLPST) 60 TU 925 MAQO®190

918 COCNTINUE . MAQ04200
L ITCUR0920) TXGIYVINTHAX «TKVOTEMP MANOY210

920 FORMATCLIN 10 ¢ 1i=) 92X 3LHPOOKR CONVERGIMCE OF TCIPPERATUREZ13X. MANO4220

U THAT I =4134100y AND LY =oI3/13X22HNUNMDER OF ITCRATIONS =473/ MAQO4230

2 13X 13T MPERATURE =vIPELS6/713X«THDTENP = 1PE1546713X MAGOG 240

S 18 s AT PROGRAME %%/ ) MADOH RS0

Yen TLIC)I =T ' MAGCY42A0
Vi X=PUR 1 )7 S IOF ) +F ST IUO?)/&Mw(rnOO)w TSUTI0M2) /7SHY (TIN2) MADO4270

93 RO U)=rDLSUNZ L TKRVIRIX) MAOO42A0

C MAOD4290
935 1E (RSOULVF(JEMUI«CQ0) 6O TO 945 . MAOO4 300
UL 240 TY=IYF.1YL MADDY 310

I=1Y DXty MADO4320

9 LU= MyT ' MAOOU330

o L MADD4 340
Cme===SET 1 IY) FOL IX=2 AND IX=HXM1. MAQO4 350
4% TE (KOULT(I£: 6T.1) 60 TO 999 A MAOO4 340
I (19CEQel o ATINSEXEQLNXNML). GO TO 99y : MADO0Y4 370

Gu TO 9% MAQO43R0

90y OO Yvy LY=IYF,1YL ! . MADDY4 390
995 DULIY)=1.0 . ‘MAODHY400

' Gu T 919 MAOOHY 10
996 It (INC.ERe=lenliDeIXeEWL2) GO TO 997 MAOOQUY4 20
G TU 9uw ) MAQOU4 X0

9a7 DL Y9y 1Y=IYF.IYL MAOO4 440
998 LUCIY)I=Jen , MAOO4H S0
909 CONT N MADO44A0
Coicccmmdcnnn.a UL LS NI ap e 11\ 1 TS 11
CHAPTER 1D 1t i 10 10 ADJUST - 10 10 10 10 10 10 MAOOUYR0
femmnmame—n e e o 1 5 e o e e i celLHADOLYG0
€ emeea- cememama. OVERALL CORTINUITY LORRFCTION MAOO4500
C MIJOSTHL) ADJUSTS ALL THE U-VCLOCITIFrS OM THE LINE IXU FOR MADO4 510
¢ COMYINUITY ACROSS THE STRIP, MADO4520
I CTAUG O NXMY ,ORWIXUekGak) GO TO 1001 MAOOLERD

CALL FLOWwr(2) : MANO45u0

1F (RFEST LT.2) CALL TEST () MADDY5%0

CALL ADJURTLL) MAQOYSA0

: IF(KTEST.GT.1) CALL TEST(22) MA0O04570

c e mm e E e .- mm——— CELL=WISE CONTIHUITY CORRECTION MADLLSAD
1601 CALL FLuwittl) MAQNOYS9U
CALL TLOWMED) , MA0O04600

IF CRTERT.6T.2) CALL TEST(40) MANOUGYO
LaBbpr=ding, MAQO4U620

IF R0V (JPPY L tReD) GO TO 1000 MAQO4630

Cal COLFir Py ) :  MANO464O

C MAOOH 680
C AORIRTE2) ADJUIRTS THL U AND V-VELQCITIES FOR FACH CELL OM MANOYEARD
€ THE LIk EX FOR COUTINUITY 1N FHE. CCLL : .. MAdO46TO
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IF(KTEST.GTe1) CALL TEST(23)

MAOOH690

TH D QN JOR e IXUekNel) LO YO 1000 MADOYT00

CALL ALQUAT L) MADOYTY O

I (eTESTL0T.1) CALL TELT(RW) MAOO4 720

c RAQCHT X0

1000 CUHTITWL MAQGOY4THO
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cHARTEE 21 1Y 1 LR 11 PRINT ~u 11 11 11 11 1 1 MAQOUTARO

G im0 e e e e o Cemm—— MANOY4T 70

G AL JC\I\IUNh CUNL&RNINC "RINT =QUT ARE MADE IN CHAPTER 1? MADO4TAQ

¢ SUBTOAC T REFFRENGE PRESSURE FROM PRESSHRE F1ELN MADDG 790

N VALLES Far BRINT-QUT MADOHSO0
PLPRLE=DCIPREF) MADDY4BY0 .

PO 1100 Ip=LéhxyR MANOH8PO

Lon PLIMI=PLIV) =DIeREF MADODHARD

c CALL Botid T {ET BROUNDARY vALUES Far BRINT-0UT MANORBY O

DC 1110 J=YeJLAST MAQ DY BRSO

LAURIY =0 MADOQKEA0

IV sl v td) k.00 Akl uuUND MANDHBTO

1113 COeNT UL MAOG4BAD

C i . - . . N MABO4B90

[ o 8 o S g a5 e e A G A cremammana=MAGO4900

CHAPTER 12 ¥ 1? 12 12 DECILE ‘13 12 12 12 12 12 12 MAOU49Y 0

C-u——‘- uuuuu Ll R TR R XN T Wy W oy gy ~‘-~----—-~-—x—----~-w'---"'«—---:----:-——M(\QOQ99°

¢ MANOY 93O

Coaae o DECINE it THER TO REPLAT THE TRAVERSE oN THE LINE MAQOH{940

¢ MAQO49%D

1250 GONT1MuL MADDU2A0

REMAR=ALST LX) MAQO4970

DG LA10 Jm2edip MANO49RD

1210 REMAX=AT AN IRSNAX JARSLUIX v V) ) MAOD4990

[ MAQ0S000

I ORSA: o i T e RECHEK « AND« HTRAV.LTSNTDMA) GO 10 80 MADOS010

¢ OF TEdul - THE st OF RLSIDUAL SOURCES FOR EACH VARIABLE MADDSO0P0

¢ (SOLVED BY Tuba) ON THE IHE RADDS0X0

RESUN {112 SSUMTL1 ) +ARSLLIXUL) MADOS04O

DG Lg20 Jdsaedie MANDS0K0

122N ROSUNTNI=aSSUMY) +ARSLTLIX o) MAQOS0AD

C MARCGS07O

CoesaoDLLICL « 1 THER THE SWEED HAS UBEEN CUMPLLTTD MANDS0OAD

G MAQQS5090

IF (THC.E. =1y GO TO 1230 MA0OS100

IF (I LTaaX) GO TO 65 MANDS110

GO TU Ll MAQDS120

1230 Xt (IXeT.2) G0 TU &5 MADOS130

& MADOS1ILO

Consaell Sy RridTullr FESINIAL. SOURCES AND VARIARI E vALULS AT MADDSLSD

G Th ST WTHE LOCAT IV MAQOS140

Ipuy LALL GUTPLTS) MANDSLTO

c Lt TERINE LARGEST RESIDUAL SUURCE SUx T THE FLLLD MAN051R0

R&HidN =YL 0 : MADOS190

LU LU Je X wdpi MAOO5200

N
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C
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STOP
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I (6010.01L.1) GO TO Ju00 0uo00530

C ouno0S40
Commucremmurecm e e PRORLLM INFORMATION 0U0005%0
RUY=H 0% (FLONSFLOC) 7 (LMUREF*R1T) QuUN005A0
CoRAT=11 O *STOICH/Z(OXCR(FLOCHTINY)) ound0s70

Vi ATL (we0097) ouUn00sA0

1087 FORMAT (1+4.1) 0uno0S90
WirdTE (641013) ou0d0600

1013 FURPBAT €3 1Xe91 0110 ) /723X eLH* 49X o1/ 1X o LR v INR/11X 02 Hn e 49X  OQUDCOGYO
1 114 /118e S1He PREDICTION OF HYDRODYNAMICS AND *x/0U000620

26c H ‘ *«/0U000630
S6eH * CHEMISTRY OF A TWO=-CONCENTRIC=-TUBE */0Un00640
4ot > */0U0006%0
5&2H ’ COMBUSTOR wWITH ATTENTION *+/0U0006A0
66t * «/0U000670
T62H * TO POLLUTANT FORMATION */0Un006A0

8 LLIX e o9 e 1 i1e /10X e Lo 49X o 1H* /21X e 1H¥ e 4IX o LHE /11X s DNk o 449X v 2%/ QUO00ESD

9 TAX el o I diixe/llX etk e 4IX o 1HX) ouo000700
VIRITE (5H+101%) oun00710

1015 FORMATILL ¢olilee 10X HUHTHE NASCO ‘ITI GOMPUTER PROGRAM ) */0U000720
166H * ’ */0U0N00730
2n2u PREPARED DBYs19X e 1Ha/11X e 1Hine 49X 0UNDOT4O

3 1Me /11Xl GXo%HHCOHCLNTRATIDNq HEAT AND MOMENTUM LTOD. x/0UN007T%0

B XIX L e 9K e e /701X o LHY 0 23X ¢ 3HFOR 9 23X o 11w /11X e LH¥ s 49X 0 1 Hn/ ouU0007s0
56:1 +«  HWATIUNAL AERONAUTICS AND SPACE ADMINISTRATION =/0UN00770
664 »* =/QU0007AR0
16t MASAN LEWIS RESEARCH CENTER */0UN00790

1) llY.lH--MUY'lH*/llX'lH‘0“9Xv1H*/11X.1H*.u9Xv1Hi/11X|1H‘c“?Xv?H'/ ou000800

9 11Xl e v 1VX e TQHCONTRACT  NASW=3077 ¢ 15X «1H*/11X o 1H{n 149X e 1Hx) ouQo0810
WRITE (nelUl6) KASE o 0un008020
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T OAAX 1 eI 1w/ AX e THe o IX ¢ LHAZLIX o 3HA 0 UIX o 1Hx/11X e 1H* 049X s 112/ 0UQ00840
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1 (Ul Cuedil) G0 7O 120 B0000Y40

11 (JHL e JRUID) . GO TO 130 80000420

IF (el bisedEmity GO TO 140 gono0Qu 30
RE-TURY 50000440

C 8000040
Commam== R B —— 0 AT AXIS OF PIPE BON00Y4R0
10 I=lelglivyg B80n00470
U(l)“utx+|l ' . BONUVOUAO
Commmmin= - 1 e i UPDATE U AT PIPE EXIT nonoo4q0
1t (1xu NI- ) RrTURN BOD00S00

IF (I1CaE0e1) RLTURN BLO0OS10

Q. Lo TYs=TYhit eV Bgoo00s20
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I=1Y 1X Vvl BLDOOSX0

Iy =Ll-11Y 80000540

12 vydWr=ua Iy BON00SK0

Wi TURN RO000SA0

C BON0DST0

Coees=UPDATE T uly BOUNDARIES Boo005a0

C=====A1 IPE XIS, R0000%590

o I=1l+1X20Y Booo0e0OD

it =g+ B0000610

T=1Htiei) 40y B0O0006>0

NeIdy=fice+1) B0O00D&AD

((eemsmmcc s e emn———— L UPDATE H AT EXIT BOO00EYO

TFEINGTE o) RETURN BOO00D6KD

IECLMC T W, 1) RETURN ' BO000&RO

DG e IV=1YweNY BON00670

1=1Y4 LXINY BOON0D6ARD

e =1~y BO000694

42 HIIW)=H( L) 80000700

Rt TR 80000710

c . B0ON00770

Cmew==UlDATE TIXTURE FRACTIUN O BOUNDARIES, 800007%0

Comwe=pAY PIME WALLs BONOOTHO

50 I=hNY+IXMtY. BON0OTS0

FladIy2Fivgr=1) 80000760

Cr=~==p1 PIIE AX1S, ) BODOOT770

I=l+l XLty ’ . 800007a0

Fhtiistotr+l) . BOn00TS0

Comw==St 1 WIXTURE FRACTION Al NODES IN THE INMER WALL TO ZERO. 80000800

IFLIX.GT.iXW) GO TO 51 B80000810

I=IvuelXany BO000OB2O

Frdl)y=g. B00O0QO8XRO

Comne= APIRE EXIT. BONOOAYRD

51 I (IX«.0E,.2) GO TO 53 B0000AS0

IFCINC,  R,1) 6O TU 53 BONUOBARL

Lo 52 IV=1YWPL.4Y 80000870

I=IY+1XANY B800008R0

Iwsl=ny 80000890

52 Fttlv)=l MeI) 80000900

53 T {1k HE J1XHM1Y BETURN BO0009y0

130 5S4 Ivy=y1eily ' BONDO920

1=IY+IX1INY BOO0O09x0

1E=140Y BONOO940

54 FMUIE )=EMLT) 80000950

REVihn BOD009A0

o B0000970

Comomaml b DATE P UL NASS FRACTION OM BOUNDARIES. BONOO9RO

Crewa=pl PIPE WALL. BONn00990

60 I=fy+1Xitly pooo1000

o FLErDYSERUY L= BOOV1010

Comw=w=nT PLIPE ArIS. 80001020

I=lslx2iY BONU1OA0
FUECL)=lur ¢T41)
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Ce====SET TULL IASS FEACTION AT HODECS IN THr INNER WALL TO ZERO, 80001050

ITCEX.GlaIXH), 0O TO 610 6000100

I=IY . +1r1ay 80001070

FULECT) =D, B0On010A0

ComwewaAT NIRE ElT, " 80001090

610 M CIXGTE.2) GN TO 630 80001100

ILINC,.u 1) GO TY 630 B00D1110

DU 620 1Y=1YwP] oMY 80001120

I=IY+ 1K1Y . ‘ B0001130

Lusl-ny B0O001140

w20 FLECTIW) =P (1) : 80001150

630 I {Ixonh k7)Y GO TO 65U . B00011A0

DU 6939 1Y=1elly © 80001170

I=1Y+ IXLHY . : 800011A0

Ie=1+400Y K B0001190

640 FLECIE)=FNE(]) ' 80001200

C 80001210

ComwmnljbDATE ~PFCLLS MASS FRALTIONS ON BOUMDARIES. B0001220

C B0001230

650 11=1+IXINY ; . 80001240

IHYSY#IXLNY ; : BO0012%0

DO 61 J=JsledS? i BON012a0

Com=m==AT PIPEL WALLS. : B0001270

IF=InY+ 2RI ' 3000312A0

FOIF)=F{Ik=-1) 680001290

Coa=e=Al FIPE AXIS, 80001300

I =I1+12ER0()) A0001310

61 FULF)=FUIr+l) . BON01320

Crme=s=SET SPELIFS MASS FRACTIUONS AT NODES In THE INNER WALL TO ?CRO. BO0O0133x0

IF(IXGleTXl) GO TO 60 B0001340
T=1Yeslarny 80001350

DU 62 J=ds1edsSp 80001340

=12 Rotd) : B0001370

&2 FilM)=u,0 - 800013A0

Cre===pAT PIPE EIT. B0O001390

&6 I (IX,NLe2) GN TO 6% , 80001400

IF(THC=u.1) GO TO of ) BO0O1410

UL 63 Iv=f1YP1.NY 80001420

I=IY e DXLy, BON01430

DO 63 J=JUS14dSy 80001440

IE=14+1I2F Rytd) N : . 80001450

IFWw=IF=}Y : i BONG1Y4A0

63 F(1Fw )= 1k B0001470

cai 1T L1y JHL 41uXP 1) RETURN 800014%A0

Coww==AT PLIPEL WALl B0O001490

DO 6% ly=q.ily. . BOOU1500

1=1yeiX1HyY : 80001510

TSRV ENES WA S _ B0001520

I ST+ 20Ru4d) - i 80001530

IfL=IF Y 30001540

65 (1t y=their) < B0Q015%0

RETURY - o ' BUN01ISRO
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c
Coreaa=UlOATE TLoPERATHHRE ON BOUNLDARRICS.
Com=wm=nl PIPE AZ1S.
e ) 110 I=l44K15Y
TLM)=TEA(D Y)Y
I=IHfIXML e Y
- TLHEL)y=1L(1+1)
C ----- AT |‘lPC E..'\IT. [
I (IXeik . 2) RLTURN
IFCLIICetw.1) RETURN
DG 112 IY¥Y=IYheHY
I=IY4 I XK1Y

Iw=I-lY
112 TLMrL)=TrEM(1)
R Tulkid
C
CrmmeeSl T PREJSURE AT WODES i THE INNER WALL TO ZERO.
C
120 IF (IXefT.1XW) RETURN
I=1Yu11+1x2HY2
Pii)=gen
RETURE
c
Ce====UPDATE LENSITY Ol BUUNDARIES,

Cmaw~=A1 PIPE WALL.
130 I=HNY+IXLMY
RUHOC D)= (I=-1) ¢
C===-==AT PIPE Ax1S,
I=1¢Lx1ilY
be ) RHOCI}=HA(I+1)
Come==pA1 PIPPE EXIT,
1 (IXGIiE,2) RETURN
- IF(IncsL.1) RETURN
DU 152 1y=IYWi’14HY
I=IY+EX1NY

Te=l-1Y
132 RHUCLD) =R10LLY
RE TURN
C .
Com=e=UPDATE VISCOSTTY OM BOUHDARILS.
C

Crwc==AT PIPE Wablle
140 I=NY+1X1itly
CrHulr)=i M T=1y

Cocme=pl PIPC AxIS. e

I=1+IX11Y , PP
CHUCI)=EMII(T+1) R

Crmmm== AT PIPL ExlTa im0
IF tIxeLiEs2) 6O TO 141
IF(LLE0.1) GO To X4l
LU 148 Ty=LYwp),ly
I=1Y+IX2ity
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80001570
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BU001600
B0O001610
BO001620
B0001630
B0001640
B0001650
800016A0
80001670
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80001690
~ B0001700
. 80001710
80001720
80001730
BON01740
80001750
80001740
80001770
B00017A0
80001790
80001800
80001810
80001820
80001830
80001840
BU0018%50
B00018A0
80001870
BON018A0
80001890
B0001700
80001910
80001920
B0001930
80001940
80001950
BO0019A0
80001970
80001980
80001990
80002000
80002010
80002020
80002030
B0002040
80002050
BON02040
80002070
BON020R0
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145
141
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168

Ih=laY k
LUGTw =L ULl
I CLXe e JHANIL)
v 142 LY=leliy
I=IY+IXitly
Ir=lasiy
EiULIE)=C 0D
Ri TUIky

el

e el e ANC R TR

RETURN
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ACIvy)=0,0

ASCINY)I=0,0

AR(IYw)=0.0

ASUIYWP1)=040

ALIYML)=0.0
HIISSTLIT®#HO(TS)*ABS(0 5% (U(TIS)I+U(ISH) ) )eCMIX
RULI=SXAATX)Z (1, 0/ (RII#HIT)FALNRLIZCOND)
GLI=SKULI*TEN(IS)
HLO=STIwnHICTH) #ABS(U« S« (UCIMN)+UCINK) ) ) 2CMIX
HLIOSSXG(1IX)/Z(1e0/(R1D%10)+ALNRLIO/COND)

QIO Ul oe TEM(IN)

It (IX.Evq2) GO TO 401

IF(IxE . 1XW) GO TO 405

CAREA=CHNN®ARFAE (1YV)

GAMAE=CARE A*RDXGTIXPL)

GAMALG=CARFAXRDXGLIX)

QLOHDL=CAIAC+GANAY

QLU= GAMAESTEMR(IE) +GAMALSTEM( IW)

GU TQ 410

GAMAE =CUND*ARFAF (IYW) «ROXG{IXP1)

OCOH0I=LAAAE

QLONL2=LASACXTEM(IE)

GO T2 410

GANAW=CONI*ARFAC CIYW) #RDXG L IX)

DLONDI=6AAY

ECONN2=GAMANATEM(IW)

CONTINUL
RADII=SIAMAR(TER(IWAL)$TEM(T ) )& (TEM(IWAL) #+24TEM(I ) %22)
1 /1. 0/7(AREANCTI)I*EMISIU) +REMI/ZAREANSIWALS))
QRADI3=0RADI

QRADIY=uRALGILATEM(T)

SUCIYML)Y=RUL I «TEM(I) =W : '
SULTIYYW)=QCOND2+QRADIT«TEM{IWAL ) +Q1I+Q10
SPUIYA)=2=0COND1-ORADIL1I=RULI~RUL0
SULIYAPI)=RULOXTEM(1)~u10 .
H2I=ST2T 20 (IWALS ) *ABS (0 S* (L IWALS) +LI(IWALSW) ) ) %CHIX
RUTI=SXG(IX) /7 (1,07 (R2121H21)+ALNR2I/COND)
2I=RU2I=TEM( LWALS) )
H20=ST20+RH0IF «ABS(UINF )Y *CMIX.

sS0n02090
$0002100
S0002110
S0002120
S0002130
s0002140
S0002150
S0002140
$0002170
§$00021A0
s0n02190
s0002200
s0002210
s0002220
s0002230
S0002240
sS0n02250
S0002240
sQno2270
s0p022a0
S0002290
S00i/2300
S0002310
s6002350
50002330
S0002340
$0002350
S0002340
sS0n02370
S0n023A0
S0002390
s00024500
S0N024190
S$0002450
SN00243x0
S0002440
S0002450
S00024¢0
S0002470
S00024480
§$0002490
S0002500
S0002510
§0002530
S0002530
S0002540
S0002550
50002560
S0002570
s0002580
$§0002590
S0002600
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...... | SRR SAUNNY SRR STy S SRR SN S - SN Ut S SR ‘
RU20=SXG(IX)/(1,0/(R20&1H20) +ALIIR20/7C0ONHD) S0002610
Q20=RU20*T LI S0002620
IFLIX.ER.2) GO TO 416 50002630
CAREA=S LuNHtHARLn $0002640
BANAE=CARELA®RDXGEIXPL) S0002650
GAMAWSCARCA*RDX( (1X) SU002660
QCUNDLI=GAMAL +GAMAW Su00:'570
QCUNL2= GAHAL‘YFM(IﬂALL)+GAMAHlfCH(INALN) S0002680
GO TO 420 « . S0002690

416 GAMAE=COND*WAREASRDXG(1XP1) S0002700
WCUHD1=GA4AE 50002710
QLOND2=GAMAEXTCM(IL) s0002720

420 QRADOL=SIGMAXSXG(IX)*R20%EMIS20% (TINF+TEM(IWALY) S0002730

1 *(TINF+x2+TEM(IHAL)%x%2) S0002740
SUINY)=0COND2+0RAUL4+URADOL*TINF+Q214020 50002750
SPANY)==QCOND 1 -QKADI3=-WRADOL1-RU21-RU20 50002760
SULIHIYML ) =RUZI4TER ( IWAL) =021 S0002770
C ‘ S0002780
IF CEX oNE o 1IXM1) RETURN : s0o002790
HEL3C=0.5%EL3/COND s0002800
DU 425 IY=2HYHML1 . $0002810
I=IY+IX1NY - S0002820
IE=I+NY S0002830
IVEIY+IX1HYL ' S0002840
1VS=1vV-1 s0002850
Hxi= STXI*HHO(I)*ABS(U.b#(V(lV)*V(lVb)))tCMlX S0002860
UXI=AREAE(IY ) /(1.0/7HXE+HEL3C) s0002870
OX1I=UX I (TEM(T)=-TEMIIL)) $00028a0

425 SULLY)=SU(1Y)=-QX1 S0002890
Re TURK - S0002900

430 DO 435 IVv=IYF,IYL $0002910
I=IY+IX1HY S0002920
IVRIY+IXItHYL $0002930
IN=1lenY : S0002940
IVW=IV=-pYM1 S0002950
IVSW=Vwe] 50002960 -
INSI+1 ' S0002970
1s=1-1 , ) $00029a0
CUNDL=COM=*EL3 S0002990
IFUIYLEQ,Y) GO TO 431 S0003000
HXI=STXI#RNOCTY ) *ABS(UeS*(VIIVNI+V(LIVSH) ) ) eCMIX S0003010
UXISAREAE(IY) /(1. 0/HXI+HEL3C) S0003020
QXI=UXI*TEMUIW) S0003030
GAMAL= LONUL/ALUL(P(IY+1)/R¢IY)) . S0003040
GO 10 432 , S0003050

431 UXl=0.0 , ‘ 50003060
WXi=0,0 : S0003070
GAMALI=0,.0 $0003080
HXUSSTXOSRNULNE «ABSAYINF ) *CMIX SU003090
UXQ=WARCA/Z(1.0/HX0+HELSC) S0003100
GO TO 436 , S0003110

432 HXU=STXORRHUIF*ABS{VLINF ) +CHIX : SU005120
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UNOSAREAE (1Y) /(1. 0/7HXU4IHEL3C) S0003130
436 QXU=SYXO*T INHF S0003140
IFLEYER2) GO TO 433 ) S0003150
GAMASZCONDL/ZALOGIRULY)I/R(IY=1)) S0003160
GY TO 43y ’ S0003170
433 GANAS=0.0 50003140
434 ARLIY)=OARAI ’ sS0003190
ASLLIY)I=GAPAS S0003200
ORADL= SlGhAtAREAE(IY)¢(£M15X1+ENI$X0)t(TlNF*TEM(I)) S0003210
1 (TIHF**24TEM( I ) %%2) : S0003220
AW Iy)=0,0 - S0003230
SUCIY)SORADL*TINF+QXI+UWX0 $0003240
435 SP{L1y)==QRAD1=-UXI=-UX0 . §0003250
GAMAW=COND*WAREA®RDXG(1X) i S0003240
SUCHY)=SU(NY ) +GAMAWRXTEM(IX1INY) s0003270
SFEINY)=SP(NY)=GAMAW $0003280
H20=ST204RHUINF xABS (UINF ) xCMIX $0003290
RU20=EL3/ (107 (R20%H20) +ALNR20/COND)} 50003300
QzU=RUND«TINF ) S0003310
SUINY)I=SU(HY)+Q20 . S0003320
SPANY)=SP(iNY)=RU20 : S0003330
RETURI S0003340
Cocmmcn= - --------—------------------------,-------------------------80003350
CHAPTER 5 5 5 & & SUURCE TERMS FOR MIXTURE FRACTION 5 5§ S % 550003360
Crvmmninmmmnaccanenancen FELLL TR P cmeectreccccems e ercnemevecnrmannanaes=S50003370
50 D0 52 1Y=IVF.IYL S00033430
SUtly)=0.0 S0003390
%2 SPLIY)=0,0 ) : S0003400
RETURN ' S0003410
C-----— ------------------------ ----------------------------------------80003‘420
CHAPTER 6 6 6 6 6 6 6 SUURCE TERMS FOR FUEL &6 6 6 6 6 6 650003430
c--------- ----------------------- --------—-----—-’--—----.--------~<----50003“u0
60 T1= PRELXP*PNESS**Z S0003450
DO 62 IY=1VYFIlYL . S00034¢0
I=1Y+IX1NY 50003470
FUBRHT=AMAX1(0,0s(FM(1)=-FSTOIC)*RFS™M) S00035480
FULX=FUE(I) =FUBRNT K . S0003490
1F (FUEX.UT.U.O) G0 10 61 : . S0003500
SPUIY)==3106 S0003%510
G0 TO 62 s0003520
61 FOXSAMAXYL(TINY STOICH*(FUEC(I)=(FM(T)=FSTOIC)*RFSTM)) S0003530
SPULIY)==TLeEXP (= ARRLON/TEV{I))*VOL(I)*FOX‘FUE(I)/FUEX S0003540
62 SULLY)==SPLLIY)*FUBRNT S0003550
dLTURH S0003560
....... RSP R PRI g epupepnpapupann. 1o 1 ) Uk 3o 1 AU
CHAPTER 7.7 1. 71T 1 1 SOURCE TERMS FUR P 7 v 7T 7T 7 7 7T T 80003580
C- ------ W - S A8 R A5 wn en e W T Gn TR e A e G we R DRGSR e e .- - - - - - e - -—----80003590
90 ERKRUR=0.0 S0003600
IF (IXeb@ 20 AN« INCobkUde=1) GG TO 93 S0003610
DO 92 IY=IYksIYL ’ SU003620
Cc ERROIR MASS SOURCES - Sup03630
ESMASS=~FLUWH (1Y) +FLOWN(IY=1)«FLOWE(IY)+FLOWNW(]IY) S0003640
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SUCLY)=ESASS
SPELIY)=0,0
92 ERNURZERROR+ABS (ESMASS)
IF (IXeNE NXM1,0KeINCoeiNEo1) GO TO 95
SULIYLI=0,0
SPLIYL)==-(316
60 TO 9%
Coeawe=OUTLET BOUNDARY - UNIFORM PRESSURE ASSUMED,
93 DO 94 IV=IYF, 1YL :
SUCIY)=0.0 .
94 SP(I1Y)==BIG
95 RSLINE(IXJPP)=ERROR/RSREF (JPP)
ARSL(IXsJPP)=ABSIRSLINE(IXeJPP))
RETURN ‘
EWD
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WANCO0010
SUBRCUT U #ALLELLoSTLRMySTERML 2 1Y «JPHT) WAN00020
CUMMMZ 0o/ DEUANY o5 THIS) dHISQU) WFMISN0) WFUE(SNG) o FS(500415) WAN00030
L ERE20 e TEMASHON) oA 1M) JRIO(S0N) JEMUIS00) WADO00040
1 EAGE29) ot (25) o KHOUNT(25) «RDXGL25) «RNXUL25) sRSXG(R25) +RSXHI(25) WADN000%0
2 STOUCE, DY eSRGUIPH) o SXUL29) 4 X(25) e XUL25) WANDO0O0A0
X AG20) 0L (20) o AP0 ) o ARLAE(20) +AS(20) +ASNIP(20) ¢ AW(20)48(20) WA000070
4 ESHIP (0o C (20 CSUIP(20) «DIFE(20) +DITEE(20) +DIFN(20) 0 WANOODAO
S I 0) e DIFW(20) sDSHIP(20) 4DUC20) +DV(20) 4DYG(20) 9DYVI20) o WA000090
6 FLOUT (0 oFLOWEE(20) o FLOWNL20) +FLOWNE(20) o FLOWW(20) «R(20) WA000100
7 FOYG(20) JRDYV(20) s RSYBE(20)4PSYV(20) yRVI20) «RVCI3(20) 4RVSQ@120) 4 WA000110
B SPI2I)vSHL20) «SYGE20) eSYV(20)4Y(20)YV(20) ¢AEDDX(S00) ¢ : WAN00120
9 AHUDY (R00) vARFAH(S509) «VOL(500) WAD001x0
X PRSL(2u 025 v PREFF(25) +PRLIZ2S) +PRT(295) «RSLINE(29925) s WANOO1u40
1 ICW(ED) ¢ TLAST(FS) v IMON(25) ¢ IXNYE25) « IZ7CRO(25) ¢KSOLVE(25) o WAND0150
0 OESREP (#5) sRSSUM(25) «TITLE(RS) WAN00140
DIMEHSTIHN DIFMY(20) yDIFWW(20) 4F{11889) FLOWNW(20) «FLOWWY (20) WANO00170
ELUIVALI MOECE (1) sUCL) Y o (FLOWNW (1) o FLOVME (1)) o (FLOWWW (1) ¢ - WAN001AR0
1 PLOUFE (L) e (DTFNW(L) oDIFHE(L) ) o (DIFWK (1) +DIFEF (1)) WA000190
COMON/CRMBRY, : WA000200
1 1K ARREO1 (B 16 +CCHECK s CMIXsDATA(E) sDP4ELL+EL24EMAVEMF yEMUREF WAN00210
2 LPSTVEIRATeEWALL FLOBFLOCyFLOWINGFLOWST FLOWUP FSTOIC WA000250
3 FSTOIMFUBWFUC vV HFUsHW o INCoINHERT o IPLRS IPREF « IPRINT ¢ ISNIP, WAN0D0230
4 LSHLER Iy, TXMOF o IXPREF ¢ IXPLoIXUIXUPL ¢ EXW o IX1HY ¢ IXIHNYU WAD002u0
6 IXLHYLeYX20Y U IX2NY2 e IYF e IYFM14IYFUEL«IYLoIYLML IYLPLIYMON, WAND0250
6 TYPRCEF vIYW o IYWNML  IYWUPL s JEMUUFM o JFUE (JH e JLAST 4 UP + JPP ¢ JRHO « WAO0D0240
7 USIJS, ¢ JTEMJU «JVeKASE s KINPRI JKLT +KRAD y KRHOMU (KSWEEP KTEST WAN00270
B LABRIT LEWEED HSOLVE «NTDMA JNTMAX o NTRAV 4 NUMCOL ¢ X ¢ MXMAX ¢« NXM1 o WAQQG2A0
QXM MY Y XY X TYU G HXYV e NY g NYMAX ¢ NYNL yNYM240XBsOXCyPUAY, WA000290
X PRULXP +PIRESS yRCLAXP oRF sRFSTM,RSCHEK RSMAX 1 RLI4R1I0¢R2I+R20¢ WA000300
1 STOICHTEeTC oy TIHY o+ TMAXSTIMINJUBWUCWHMIX WAD00310
DATA SHALT 70 .04/ ‘ WA000320
KeALL=2-1/11 : WAD003x0
Te=l143=-2 v KAL) : WAN00340
13=11+2-KuALL WAND00350
It (1Y..£.0) 60 To 10000 WADND03s0
I=124EX1HY WAN00370
IF COPHEGFQedt)) G0 TO 10 ‘ WAD003R0
RE TUKN ) WADO0390 8
‘ WAQOO0400 ]
10 I=I2+1X1iYU - . WADO0OH410 ;
RURCF=RA0 (L) *AKS(ULT)) WAD00420 :
RESRUREE *11Y G I3 /EMURKEF - WAN0O0Y430
IF(RLTLLO,.1) Gn TO 19 : . WAQ00HUO
1t ARELWLT.132.25) GO TO 19 WAD00u4%0
ER=RIC kEwAr L WADOOH4RO
ARGIATIN=11,5%bEWALL . WADOOH%T0
DC 17 NIT=1+11 WADOOYUAD
SHALE L=sHALE , WADOOU90
ARG=ER*SUALF WADD0500
I AARGLL T« ARGNTIN) 6O TU 19 WAN00510
SHALY =AL/ZALOG (A1G) . WANO0S520
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I CESESOALE =8HALFL) W LT 0.0001) 60 TO 18

T COMT LI,
y S=ESHALT ras

CSTER 112530 (T2) aRURLFXSXU(IXU)

19

IO

200

270
2%

2920

178

RETURI

STERAL=L MURCF &« SXU(IXU) %R (IL)#RDYG(T3)
At TUK;) )
I=1Y+1X2NY

I (QPh] PR aJVY) GO TO 200

Re Tuni)

RUREF =RUO (1) 2ARS (VI )
NESRURLE X6 (1%) /EMURLF

11 (KLT 1) GO TO 290

It (BLlTal3242%) 60 TO 290

EF =REvERN) L

MOMLN=1L .S xCwalll

LL 270 1t 1=1e11

SHALY | =<HALF

ALG=LR e RPALE .

I (ARG.LTARGIMIN) GO TO 290
SHALF=AL/ALOG (ARG) ‘

I CAUSTSUHALF=SHALFL) <L 1.0.,0001) GO T1¢) 28n
CUMTIHUL

S=SHALF ra ) . e
STLRIEI=N#RUREF » SYVIIY)RKEV(IY)

REURN

SVERML=E MURKF s YV LIY I ARVAIV)IARDXG I3
Ry, TURY

[XRIY)

WANO00S550

WA000540

WAN00550
WAR00540
WA000570
WA0005A0
WAN00590
WAGO0D600
WA000610
WAN00620
WAQ00630
WAQO00640
WAD00650
WAQD06A0
WAN00670
WAD006R0
WADD0690
wWaA000700
WAQDO0710
WAN0D790
WA0CO0730
WAN00740
WA0007%0
WAD007r0
WAQ00779
WAQO007RO
WA000790
WA000800
WA000810
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: cHn00010
SUBROUTINE CHEM(KGOTO) ‘cHn000>0
COMMON/ZLO A/ 1 80) V7S5 o H(500) +FR(SN0) +FUE(SN0) +FSI500415) CH00003x0

1 PP WTrMESN0) «PL41H) JRHO(SNO0 ) +EMUISON) o cH000040
1 LXG(25) o XU (251 sKOUNT(25) «RUXG(25) +RUXUL25) sRSXG{25) +RSXII(25) cHN00050
2 STORCEHY o SXGE2H) 1 SXUL25) o X{25) 1 XULD2S) CHN0000
A M2N e "F20) o ANC20) s AREAEC(20) «AS(20) ASNIPI20),AH(20)..B(20), cHn00070
4 ESHIPEFDY o C(20) e CSHIP(20)DIFE(20)vnNIFEE(20)eDIFH(20) CHNOOOAD
S LIFOC(201eMIFn(20) «DSNIP(20)4DUC20)+DVI(20) +0YGL20)2DYVI2D) s CiHn00090
G TLOME A0 o FLOVEE (20Y oFLOWN(20) «FLOWNE (20) oFLOWH(20) 4R(20) CHQ00100
T DY (29) JRAYVLP0Y «RSYE(20) sRSYVI(20) +PV(20) <RVCA(20) +RVSO (207 « CH000110
8 PR SHI20) 8Y6(20) e 8YVI20)4Y(20)4YVI20) s AEDDX(500) CHN00120
9 ANDDY (Y00 ) o AREAN(S00) +VOL(500) » CH00013X0
X ARSLI29425) o PRFFF(25) +PRLI25) +PRT(25) +RSLINE(25+25)- CH000140
1 IEWCPS) ¢ TLAST (25 )clMUN(2ﬁ)-1XNY(°5)n]ZLRO(?S).KSOLVE(&S). CHN001%0
2 BSHEF(5) e KSSHM29) o TITLE(Z2S CHOO0G1R0
NIMENSTun DlFMN(au)‘D[FnH(ZO).F(11009)-FLOWNW(ZO)vFLowww(?n) CcH000170
LLUTVALERNCE CF (1) «UCL) ) o (FLOWHW (L) «FLOWME £1)) o« (FLOWWW(1) ¢ CcH0001A80
1 FLOWEEAIN) o (NTEMW(LI) yUIFME(1)) o (DIFWW(1) «DIFEE(1)) CHN000190
LOMm DIl z7CcOM 7 , CHG00200

1 fK-AHRlOHvBYG.CLHECKoCVIX'DATA(B)'UPvFLlvELZ’EHA'EMF.EMURFF- CH000210
2 EPSTEVRATYEWALL «FLOBoFLOCoFLOWINGFLOWST +FLOWUP +FSTOIC CHN00220
S FSTOTMFUBFUCHFUsHW « INCo INERT 9+ 1PLRS o IPREF ¢ IPRINT o ISHIP, cHNo0230
WoISHLER s I x o EXMOM e IXPRLF « IXPL o IXUSIXUPT e IXWoe IXANY o IX1JYU cHnG0240
S IXKLIYLeIW2HY it IXQNY20 LYFoIYFMY o IYFUEL o IYL o IYLML e IYLPLoIVYMOH cHNnog2s0
6 JYPRUEFE «IYWo LYWL o IYWPL v JEMU s UFM e JFUE o JH s JLAST ¢ JP «JPP 4 JRHD o CHN0O02A0
7 JUS1eUS e JTEM sl o JV o KASE s KINPRYoKLT ¢ KRAD s KRHOMU s KSWEER +KTEST CH000270
8 LABPHE yLSWEEP«HSOLVE s NTOMA «MTMAX « NTRAV ¢ NUMCOL ¢ NX o NXMAX ¢ NXM1 CH0002AR0
9 BXMZ G U YTy dXYP o X YU HIX YV eNY ¢ HYMAX ¢ NYM1 ¢ HYM2 1 OXB1OXCoPUAY CH000290
X EREEAPPEESS oRLLAXP oRF oRFSTM o RSCHEK s RSMAX¢RIT1R10+R2I 1R20 ¢H000300
1 STOICH s THaTCeTIHY s TMAX« THIN UB+UCHWMLIX CH000310
LOGICAL COlve CH000320
COMM 2 THDEX/Z INCO«IDCG2 « IUF v IDH o TUH2 ¢ IDH20 ¢ T00 ¢« IDOH ¢ ID0O2 ¢ 1DM o CH0003320
1 JOHO  IHN2 « INH2 » TDH20 4 LEQUIL ¢ THCPS v IPR e JJ o KNTCS o HA S NLM CHN00340
2 LSYHSELOISE2  HSKeNSMaNS11HS24ID(Y15) . CH000350
3/PARAIS/ COHVG e EMVIEPSS«GASCON IDEBUG  ITMAX «PASMeTINYKs TK s TUMy TNYCHO00340
5/5PECES/ASUNE20¢3) «CPSUMGHSUM o HO 14 ) o SMW(14) +SO(18)+8S1(14), CHNO0370
6 N201Y4)0L(207414) ' CHNO003n0
T/7CEGNTL/ALL o ACD ¢ACI W ACH o AL s AH2 ¢ AHS s AHY ¢ ASHM1 ¢ ASM2 ¢ ASM3 s ASMY 4 CH000390
BOASLUTA2) dHDTV o HMAX S HALRPEXP(T) CHOO00400
9/!EAFTS/B(lla)vDXc(lS)v1ALT(15)v?AfTZ(lG)oTEN(lS):TPNZ(lS) CHOO004%410
Colclinamannp miocmelosacnsontmemcamnneean-n cemmmetam——. R o [ [ [ CPX
CHARTER 1 1 1 1 1 1 11 1 1 1 3 1 1 1 1 1 1 1 1 CH000430
Cavmmam e e ece e cmm—ee——E————————-—— cemeceresemenmmmnsceenenneneaeeCHO00440
O LHTRY FLMD v CHOOOuK0
SP1=1,0+8T0ICH ; CHNOO4A0
1HCP s =2 CHO00470
HS1=INe . CHOO00u4RO
NS2=1D0: CHNOO0490
CIF(KHTCS o EW0) HS1=1 CHOO00US00
0O 11Y Jy=2sHym1 cito00510
T=LY+1IxbIY . Ciin00520
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LIy LECOX) G FO X2 tH000520

I Iy e 1YY e AMD s IXoLE o 1 Xe) GO TO 112 CHNOO0S40

FUb L y=hNINIIFUC (1) o F L 1) ) cHO00550
FRUL TP e AMAXLOUFRTT Y =F UL (T ) ¥ SPLTINHY) cHNOOSA0

PALT 2=l A (UL CL) =PI D) =FSTULC I «RFSTMY 2STQLICH s TENY) CHND0570
FLELLLIDEY=FHEL ) CHooOSRL

FSLL, D2y sFS X, IPR) CHN00590

iha=1,0 ‘ CHOO0G600

UG Lyb IS=ESN1LUSP cHo00s61D

SPLIS) =t SchelS) cHOO0DB20

105 FH2=EH2=-8p{18) CHOO06A0

FStlvilingy=itp CHa0o840

S22 =N cHO006580

TE=STEMCL) ClHnNDO6AD

LLTH=H ) ) 26ASED cHnoone70

Du 110 Ivz)efivHAX cHo0gent

¢l UGS o cHOo00690

ChMEz=Ci ST ACL A (AC2+ (RCI+ACUATKIATK ) »TK) *FS (14 IPR) cHobo700

UL ASHSURATR ECANL4 LAHZ2H (CAHB AN aTK ) STRIRTKIRFS{IvIPR) CHNOOT70

DYEME T I=HHIX) ZE TReCHMIX) . CHnOaQ720

TREASIHLOTK® L 0+DTEMP )« THAX) cHoGo730

TREAHAXA PRV TRUND CHOOO740

IR LARSUUTEMP) L TEPST) w0 TU 113 CH0007%0

11n CUNTLON CHO00 740

WRETEAA1200) IX LY NTHAR TR OTENP cHO00770

GU To 113 cHoo007R0

112 TEMLL)=IN D) cHOO00790

GLTO 1Y ci14000800

113 TEMCLY=TR CHOG0810

115 CONTIWUE cHo008»0

1=UY & LAty cHODOB A0

WML I=Y cHol0ODBUO

120 FORMATUIN 2 ID(1H=) v 2X+31HPOOR CONVERGEMCE OF TEMPERATURE/Z13X. cHoo08%0

1 OTHAT T =eL301000e ANU LY =415/713Xe220IMUMBER Of ITERATIONS =«T3/ CHOU08A0

1 13X GASHTUMPERATURE SelPE194G/Z1IX«THOTFIMP = LIPE1S6/13X 0 cHo00870

P 39Hx v SUSROUTLINE TERME sare/) CHNOOBAD

LABPHI=JUTEM cHp0oag0

I AKTEST.aT.1) CaLL TLST(21) c1000960

KL TURY . . CHO0O9 0

Co:——-nh—\-—n—b -----’-'-:-—-‘—1"~~——--—;;—--—-;—---—---‘-h:-'--'---'-—-———----’--——6”0009?0

CHAPTER 2 2 » 2 p 2 2 2 2 2 2 2 22 2 2 2 2 » 2 2 CHooo9s0

Cmmm i e o e R o 8 om0 e e CHO00940

CHTRY DUbs ¢ cHnoo9so

PLESCHRPRESSZG6ASLUN s CHODO09AD

DO 210 JYz1YFR. 1YY cHobo9r0

121V IXINY cCHnoo9na

PSS (ASM L+ CASH2 # (ARMIHASHAATEN (D) TR (T Y I«TEM I IRFS (L IPR) cHOo00990

o 205 18=N81 NS cH001000

205 SEESHEIS(1 IS 28MuLES) CHNO1010

210 RO =PDGESCH2 CTELI ) *S1) ' cHOO010p0

LABPHL2JRG Citn0104%0

cHOO1040

IECKTESY oL Tady Call TS (21)
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CHNO010R0

Covceaemm - e hmereeeeSececc et et e et et eeenemsencnaneena=e=-CHOO1DR0

ChaPTER 3 3 3 35 3 3 3 3 3 3 3 3 85 3 3 3 3 3 1% 3 3 CH0O01070

| el e L R R - - - -~ -----------n-----—---------.------CNOUIORD

£hTRY C-UIL CHNO01090

" HHBIFF=1 00/ (HMAX=HMIN) CH001100
’ PEAT TOSEI1'SG40 ,5E-9 CH001110
e 325 1y=IYF,IYL CH001120
I=1Y4+1X1Hy CH001130
SUMSFS(1410F ) +FS(IeIDO2) CHD0O01140
FrR=FS(1,41PR) CHO01150
HIR'(AHlﬁ(AH2+(AH$+AH4*!FH(I))tTLM(I))'TEM(I)?*GASCON CHE011A0
HPRZAMAN L (HIPR ¢ HMIN) CHoO01170

HE REAMINL(HPR ¢ HMAX) CHNO011R0

Kh=1 CH001190

1 (HPRLET, HDIV) Kih=2 CHO01200

HER= (UBE=riMIE Y xRHDIFF CH001210

DO 30b 1I=NSE1.1SER CHO01220
LL=II-1SET1+1 . o CH001230
FRIX=ASIAT oLL oK)+ IASIL2 0 LLeKKI+(ASLI(Z LLKK) +AST (4 eLL KK} CH001240

1 e HFR ) AHPR) ¥ HPR ‘ CH0012K0

FSUI 1) =rPR¥EXPIFSIT) «PRATIO#*PEXP(LL) CHN012A0

305 SUM=SUM+ESELIIT) CHN01270
IF(KITCSelrQe0) FS(IvIDON2)=AMINL(160=StIMe1,0-0XC) CH0012A0

325 CUNTINUL CHoO01290
IF(KTEST. £l REVURN CH001300

D3 330 LI=HSEL ISR CH001310
LABPHTI=114JS1-1 CHO01320

330 CALL TEST(21) CH001330
R, TURY) CHO01340

c ——————— el L BT - . - - . - .- - -—-——;--——- ------- -n—----;---—;-:-CH001350
CHARTER 8 4% 4 4 4 4% 4 4% 4§ 4§ 4 4 nu % 4% 4 4 4 4y 4 4 CHO01340
o PP e mcmeremcmmeea e enmeaceaccscsannceneen=a=e=CH001370
: CHTRy Kitr . CH0013A/0
PASPRESS : CH001390

1R CISWEEP B JKSKELCP) GO TO 484 CHD01400

1E CISKEL P, Lw.(v&wtcvol)) GO TO 48% CHO0O01410

Gg Ty ns CHaO1420

46S IE (IRGGTSIXW) GO TO 495 cCHOO1430
G484 NICHY=11HCANY CHOO01440
DO 4R LSP=14MNSK CHNO0145%0

DL 482 Iy=IYF,IYL CHOO01440
T=IY+IX1Uy CHDO1470
1UP=I=-11Cny CHNO14A0
Tuii=l+1iCnY CHOO01490

ES(Le 15 =FS (1, ISP) CHO001500

432 FSLIDNISPISF STV ISP) CHOO1510
395 DO URT IY¥Y=IVE 1YL CHNO01520

oI IY A IXINY CHD01530
IH=Isl CHO01540
15=1-1 CHOO015%0

I =1+nY CHOO01540
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486

1
4ny

Iw=1<tjy
EFVSALOIYYIAGCIY Y 4ALCLY ) $AS(LY)
L Bea ESo=Iiyp,H8E2 :
S2UINMZE ST ISE) /SMWELIEP)
Te=Tie(l) '

DU Hsn ISPE1418K

STOISEY=(AHCIY Y¢S CIN ISP HAS (TY ) RFS (IS 1SP I +AW(IY)*FS (IW. ISP)

AL LYY 2ES(LF o ISP) )7 (LIVASHE ¢ ISP) )
Se(ISP)IZFR(L ISP /SMWCILP)
PRR=CURNAT~0e10

EMVEELV/ (VOL 1) ) =xPUR

IF(TiLL o550y GO TO 4yoO
crLk SPLCE

IFLCaHVe)Y GO T 410

WELTE (60491 ) IxolY

CH001570
CH0015a0
CHO01590
CH0O01600
CH001610
CHO01620
cH001630
cHO01640
CHNO1650
CHOO01640
CH001670
CHOO01680
CH001690
CHO001700
CHO01710

481 FORMAT (15X eA8HCHLMICAL KINETICS SOLUTTOM FAILEU...AV6 INILET PROPECH001750

1
400
402
410
w89

430

493

487
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RTICS RUTURIIED /710X +s0HAT IX=oI349HeAMDY 1¥Y=,13/7)

DU 402 TSiP=1 4 HSK
S2Isp)=S1(1I8p)

SuM=y,0 | .

P HEY ISPE14NSE2
SUMZSULIM4SO (ISP »SMW(ISP)

DO 430 TISiP=1.NSK
FSOLeISH)I=S2(1SP)xSMN (ISP)/SUM
SuM=g.0 . -

DO %93 1SP=1WNSF2
SUM=SUN+I<(1+180) .
FRELITUH2ISAMTHLI(L e W+FS (I IUN2) «SHMe1,0-0XC)
CUNTINUL

RE.TUR!)

£

CHo01730
CHO001740
CH001750
CH00170
cHOO01770
CH0017A0
CHOB1790
cHio01800
CH001810
CcH0O01820
CH001830
CHN01840
cH0oO018%0
CHNO018A0
CHNn01870
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y OOR ALITY
Ea : S¢Pn000s 0
4 SULRWTIM, SPECC SP000020
v LOGIC L CONVE 51000030
UQUBILE MKLCTSTON AeXeY SPO0O0uO
QUMD ZTDEX/Z TOCQCTUCU2 ¢ IDF 2 IDH e TOH2 o IDH2Q « ID0 « IDOH 4 IDN2 ¢+ IDM » SP0000%0
1 LOHG I MI26INN2 o TDH20 e LEQUIL ¢ THCPS s IPR « JUKNTCS ¢ NA ¢ NLM SPA0QNAD
- 2 DSLSE Lol SE24HShoNSMaNS1eNS24ID(4415) SHp00070
< 3/7EARAYS/ (O IVGEMYWEPSS ¢GASCUN  IDEBUG ¢ ITMAX «PA SMeTINYK e TK« TLN ¢ TNYSPOO00R0
SZSPCICSZASUTEP N0 3) o CPSUM e HSUM o HO (14 ) o SMY(14) +SO(14) oS (14) 4 SPn00090
6 Set1U)eZ2(2e7410) SP000100
7/LENNIL/ACIvAC9.ACSvACM9AH1vAHZ-AHBoAHMoASMl.ASM2.ASM3-ASMQ. SP0o00110
8 AST(%e7+2) DTV HMAX S HMAINPEXP(T) SPN001>0
Q/REALTSZDx {151 eBX2(15) ¢ TACT{1S) e TACT2(15) + TEN(15) s TEN2¢15) SP000130
COMMANZLLL INTSZATUM(3+7) «BO(T) SPN00140
1 /STUCHW/ ALL7,34) , SP000150
@ /BATRISZ AC1ye15)eX(15)wYE1S) . . SP0001A0

Cunmmmmme = . - - - -—-———---—-—--------------a--—---------;—-;-;-Sp000170

CHAPTLR 1 1 t 1 ! 1 1 1 131 1 1 1 1 1 1 1 SPn001A0

T . TSR W o . 4 gy e TS e e S - - --------------------9--------;.-—-SPOUOIQU

CUNVE= . ALSE,. . sP000200

St=0,0 ' SP000210

(U 10 L8=1liS sP00G0220
SECIS)=nMAX1(So(18) TINYK) SP0002xC

SE=S A5 [S) . ’ sP000240
YUIS)=ALOL(S2(1S)) SFo002%50

100 XU1S)=0.0 SP0002k0

XINS )=len sPa00270

1 Y (NSw)=nLuG IS} SP000240
. IBAT=HSK SP000290
L. KAAT=IMATL L .. .. . sPoo0300

[ S L R - e e - - -----------Ov--------—----------;-SP°0031o

CHAPTER 2 o4 2 2 4 2 2 2 2 2 2 2 2 2 2 SPn00320

Commcmc e . am——— e — - Cemcercememerecmscceeresan e an, earameeeaeSP000330

- LU 200 1TER=1,ITHMAX SPN00340
CALL GAaLC SP0003%0

I CIDEL UL EW.0).. 6O TU 220 : SP0003k0
WWITE (fen2l) ' ' SP000370

P21 FURMAT (1a0elpXe38H ELEMENTS A(I«K) OF CORRECTION MATRIX /) SP0003A0
DO 252 n=ye IMAT ' sPn0o390

P22 WIITE (£4223) (ALKoL1) o I=1oKHAT) sPo0oy00
223 FURMAT (11 «1P11£10.2) SPOOQu10
220 O 230 LUN=1 e THAT ‘ ~ SP000420
W=l SPN0O0O4X0
ByMl=leu/Za o) sPNO0440

Ul 225 uzhk dKMAT SPNOV4S0

225 NINMyQ)=ATNN o) 2 DTHML SPN004A0
I (RLEZRJEMATY O TO 230 : SP000470

DU 226 1=p.edMary SPaC0o4A0

DO 226 J=KWKNMAT E ' SPNOO490

226 NI e)SH (T o) =~ACT «NHISACHN D) SrPo0osno
230 CCHTINUL . : : sP000S10
K= IMAT . ) SPn0os5»0
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235 J=K¢+) : SPN00530

SuM=p.0 SPn00S40
XKD =1 o . SP0005%50
IF CLEATG Ted) GO TO 240 SPN00SA0
DO 236 1=0elMAY sPN00570
236 SUMZRUM+A(KTIaX(]) SPo005a0
240 XUIK)= A(l'VMAT) SUM SPn00590
Kzhk=1 i SP000600
IF theHlay) GG TO 235 SP000610

c---;----- ----------- -----------—--;;—-—--;-:----~--—;u--u-_---;--------sp000690

CHAPTER 3 i) 5 3 3 ] 3 3 S5 3 3 3 3 3 . 3 3 SP0006x0

Commoemamonaa ---_---_-----------~-----------------—-----------------»----SPOU0600

“LTALz), ‘ SPH00650
StM=Y {Hrr : SPN006R0

Do 300 1S=1+1ISK sPa00670

I XIS LFen.0) 60 10 30C : SPn006A0
SUMSAMAY LIX(1S) +SUM) SP000690
IFAS2(15) /S LE s 1.E=-8) sP000700

1 TTAL=AIHYICARSIY(NSM) =Y (1S)- 9.212)/X(IS)-ETA13 sPa00710

300 CONT UL . sP0007o0
ETAANINLETAY 4 2.0/5Un) ) SP0o00730

c --------------------------- il EXE TR —--;----— -------- -------;----;-;-SP0007“0
CHAPTER 4 h 4 i 4 Y 4 4 4 4 4 4 4 W 4 4 sSPp007%0
C--~--a ----- ---;--‘-;--»------------~-----;;----------------o--;s---;~;uSP000760
NO 400 TSz1elsK - S ‘SPn00770
YCIS)=Y(IS)+ETAXX(IS) 5000740
YOIS)=AIAXLIAY (. 1S) o THY) sSP000790

400 S CIS)SEXIY(1S)) sSP0O00800
T CIOER .G, ur.n)wkxtt(n.ulo)lrrR.CTA-«Asuatk.l).szcx).vtk).x«Ki. sP000810

1 E=1¢08) , sSP000820

410 FORMATALINGAIIITIR SeI3e¢SXeSHETA =4 1PE1N.3/7/717Xs2HS20¢12XeSHLOGS?e SP000BRD

1 an‘mU(L(«bQJ)//(JXOAQOIPSFIS 6)) SP00p8u0
Celcmmmm e i acmcm——ca—=- - U DR PRy -1 111Y:1-1 1]
CHAPIFR 5 “ 3 ) 5 5 5 5 5 5 ] 5 5 5 5 S SP0008AO
o U SO cneteiem s m e renm s eneeaSPN00870
lr (LTALLT.1,) 6O TU eoo sP0008A0

DU 510 IS=1vNSK SP000&90

1IF . 452018y« LELTINYK*1,001) GO TO 510 SP000900

IF (ABSIX(IS)IILGTEPSS) GO To 200 SPN00910

510 COUNT UL : SPp00920
CCNVL=e TRE siPo009a0

- RE TURK}Y ' SP000940

200 CONTIt. SPN009s50
RELTUY SPN009A0

[ E1V] . SP000970
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CADNODOYO

SUBRQUT ' Cret CADUCBOP0

LUGIG L CrlivG CANDODO30

DOULLE PRECESTON AsXeY CAaCOOu0

Caltunl ZTLDCA/7 TLRCOyTULUR s JUF «IDHWIDH2 ¢ YUH20 4 ID0 o TO0H 1002 4 TDM CANn00OSD

1 T Lehn24 1002 TDH2U IEYULL s THEPS v IPPR ¢ JUKNTCSyNA T WL M CANOOOAD
D OHS GIE e g2 o JISK oNSMaNSTaNE2 ID 4 15) CAnQoO70
I/1ARA S LUNVEE MV LRSS GASCOH « IDERBUG s ITMAX o PALSMy TINYK e TK e TLN G TNYCAND 00480
s/85PECES/ZA un(?ﬂyé)ccpwbn'HSUM.HO(lu)-sMu(lQ)-SU(1Q)'81(1R)v cANCNOg0
6 S2l1n) 212074100 CA000100
7/(Lhn[L/A(lvAC yAC3VACH VAL . AH?nAH3vAHQvASM1-A&ME'ASM3|ASHH- cAn0go110
8 AS1(Ha742) NIV HMAXHMINWPEXP(7) canog1o0
O/REAL ISABN ALY ER2ILD) v TACTOIR) «TACT2(I5) «TEN(18) TEN2CLS) CAQODI30
COUMLW - IZT L NTSZATOM(S«7) 4 BOLT) CAQOQiu0

1 /STACH /7 ALET 18 CAQO0LS0
2 -/MILF MULG LD e X(15) Y (15) CAnCala0
e a1 e 2 i e 2 e S 2 ot e o e e e e e = CAN 00170
ER 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 CAn001ARD
............ i i A e 5 1 e e % P e e o s e e = CA 001G 0
NﬁKl NQI+\ . CA00D200

GU 1 1=1,NS CAQ00210

DO 10 K21 oWA CA000220

ALl )=n.p CADC0230

RUSH=PAZ CHASCONHETR) cA0002u40

ThINV=1e0/7TR cAOLO0250

REQP =R 8™ CAQ00240

RUSR=RHeP 2 RHOD CAO00270

RUSMP=RIIST #RJpp CAD0O2A0

HH&M\J“IH\M*RHRN CAGL0290

e e m i mm———— e e e e e i e v e o e e e e e e CAD 00300
PR 2 ¢ 3 2 é 2 2 2 e 2 2 2 2 2 2 2 CAnO0310
............ e e e T 0 e 2 e e v e a i e e e =G A Q00320
e 2no J~1.dd CAQO0330

RIZB (I FIXPU=TACT (IR TKINVIXTK**TEN () CAQ00340

REZEALNVEXM U =TACT2 LI TKINV) X TR TEN2(J) CAQQD3%0

I=1U( L) CAnDQO3a0

KIS CANOD370

MaID( $ed) ' CAnbO3A0

M=l ) CAN00390

IF KLWE: ou) LO Ty 20 , cAD00400D

IF o Gl.been) GO TO 30 canlons0

MuDL=1 h CAplou20

RIZ{RHS ¥4 2 (1) ) ¥ {R1IAS2(KY) TANDO430

Res{(RHKax2 (M) 1+ (R2%82 (1)) CADOQ4u0

GU Yo 4 : CAQQQ4K0

MODE= 2 CAQQOU4A0

RLSROSME * 1 1%88 (1) CAnOQH7O

KE=RUGIHSQ S () ¥ R2*S2 (H) CAnDO4n0

Gt Tu deo : , CApQoHug0

M UE =3 ‘ ' CADO00500

RUZREGE Qe S201 ) #RL*S2(K) - ' CA000510

RASAUAL ¥ 12 ¢8p (1) CAN0Q520
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50

200

Tiil=lcl=n2

Aol )zngrel)ent
ARy )=r( e l) =21
AIsby=p(retl)ep?
Ao ys=p( ety pp2
AtTotin)sAcLoliAY=-THL
AtMelIA) A (I HIAY+TMD

I (bt oT0e3) GO TO Sy
Alle)=ntitel) =11
AHen)=n(iteth) ep2

Aot d=r(1e1))=n2
AfBeli) =it (o atl) $142
J\(lio!))=(|(|""|) +H2

ACHO LAY A (N HAI+THML

IF (rOUL FR.2) GO TO 200
AKeIY=/ (el) 4P
ACLeb)Sh(ToeK) R,

AR )=t oK) 4121
ANbislo)=ng seK)=R1
AtKytn =S ik’ )R

AR =AIKHAY =TI

11 (0D 4@ 3) GO TO 200
Aflal ) =adineK)=11

AMK ) =8 H)=R2

COMT LiIL.

CAN00530
CANOOS40
CAQ005%0

CA000540.

CAN00570
CANO0SAKO
CAG00590
CA00D600
CAD00610
CAN0DB20
CAD00630
CAn00640
CAN006%0
CA0006KAO
CA000670
CAQ006A0
CAQVO0690
CAD000700
CADO0Q710
«+ CAD0Q0720
CA000730
CAN00740
CAD007%0
CA0007+0
CA00G770

Covrnmaen= e e o Ws 0o we on S an Y em e e ;-------_---—--;--;-----------------.-CAOOO"GO

CHAPIER & & 3 3 3 3

300
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DL 3Ny iss loNSb

AMISVISI=ACISIS)+ENVES201S)

ﬂllSvNShl)=A(IS.HA)*ENV*(SI(IS)'SZ(IS))
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CLCUPLEZLO AN/ V80 VLETS) «H(SQ0) oFM(SAD I FUELSN0) yFS(S00415) coaatoso

T ORPAN) o T Mtnan) P CALH) JBHOISO0 ) LMULSD0) o conoeoyo

1 XGUAH Y XU (29 JKOUNT(25) s RUIXG (25 «RDXVL25) «RSXG (251 «BSXU(25) 4 coalogso

2 8TORE A0S Y o SXGENSY 1 SXU(25) o X125) 4 XUL25) C00000A0
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9 HDCY TR0 +ARFAN(SUD) «VOLISQ0 )« ctiu01xQ

X ARSL {22 e 2B)+PRFFF125) +PRLIZ25) «PRT125) +RSLINE(25125) ¢ condoLud

1 TEM{2S) ¢ TLAST(25) ¢ IMON(2H) « IXNY (25 L IZERN(PE) «KSOLVE(25) cop001s0

2 RSKROF(25) RESUM(25) « TITLE(25) cendoiad
CIMLUSION DIPNWE20) «DIFWU20) F(11889) +FLOWNW(20) +FLOWWW(20) con001r70
EWUIVALT HEEGF L) sUCLI) o 0 LOWHWCL) « FLOWNE( L) Do (FLOWWW (1 ) » conoa1ng

1 FLOWEFECL) ) o INDTENWIL) s DLFNETL) ) « LDIFWRIL) «DIFEE(LY)) cDoboL9d

cOre Ot oMty cogua200

1 ARSARRY DI BIA CCHECK CHIX W DATALE) ¢ DRy ELLEL2ENMAVEMF JEMUREF o conon210

2 LPSTf "RAT LWALL FLOBFLOCFLOWINGFLOWST «FLOWUP «FSTOIC cOalu2,0

3 ESTUIMYyFUBWUC oE UM o INC oy INERT  IPLRS s IPREF IPRINT v ISNIP, €onGo2x0n

BOISWLEP Iy IXMOMGIXPREF «IXPLoIXUSIXUPL o IXWeIXINY s IXINYU conuaany

S IXLLYL v IN2HY e IXONYR2 o LYF o LYFML IYFUEL s IYLoIYLMLAIYLPL ¢ IYMON,y condn2sa

& TYPRED «TIYW o IVUML,y IYWPL,y UERHU ¢ OFM o JFUE , JH e JLAST ¢ UP « JPP « JRHO 4 cOn0D2k0

T JIS1JSSadTEM e Jule JV o KASE dKINPRT«KLT «KRAD « KRHOMU JKSWEEP JKTEST o caoonra270

8 LABEHL oL SWREP ¢ MSULVE N YOMA « NTMAX  NTRAV o NUMCOL « MX o NXMAX I NXM1 ¢ CO0002R0

Y BXM2 o VG HXYP yNXYUGNXYV o NY o NYMAX ¢ NYMT (NYM2 0 OXB1OXCy PUAY 4 coatn290

X PRELXD yPOLSS HELAXP sRFyRFSTHWRSCHEK+RSHAX s RILHI09R2T +R20 coaup3090

1 STOICH A TR TC o TINY « TMAX s TMINUBW UL s WMIX . COnv0310

C crmmmmmrncmrmnnse. = CUNSTANTS RELATED TO NX AND NY sewvemcecccwoa-= C0000320
I (RGDTOLNIE2) GO TO 3000 COpU0330
MXMLI=HX~1 con00340
NAM2=HX -2 cU0003%84%
MYMl=pY=1 ¢cOoRu340
HIYN2=nY=2 ¢0Q00370

{ srmememmcan - m—_ TOTAL HUMBFR OF NODFS FOR DIFFERENT VARIABLES CURCO3R0
NXYG=NX+pY cuNon3gL
BXYP=RX - 2aHYMP Co000400
HaYUshX1aNY cGoodout0
MRYViiXsMyml cooloy20

Bt TURN cho00430

( mmcmemmmm e m CONSTANTS RELATED TO VARIABLES cemmeecccmcemeaw==CU0U00440
3oun I (hGDIDJNE.3) GO TO 5000 c0000Y50
RicHOAU=E SOLVLAGJPHO ) +KSOLVE tJC YD) cONDUuA0

C movdemmmmccrrmn et n— - IZLROILAST AND IEW FOR DIFFERENT VARIABLES clatoyvo
IAERUCI) =y conboygat

GL 3% J=1,JLAST conodysl

I (J=JU) 3104301310 cCo0D00500

alo I (Jd=Jvi3pue80p 320 copoosto
320 1 CI= i) 30030489850 . ! cuotos20
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350 1 CJaubll') 30543044505 : CcCon0os5x0
301 IL=tAYU CONVO05u0
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W ESHIPEN0Y oG (20) «CSNIPL20) oDIFEC20)sDIFEE(20)4NIFN(20) o FLOOOORD
G FIFHEC20) s UIFH(20) fDSNIP(20) «DUL20) oDV (20D s DYG(20) sDYVI20) 4 FL0O00090D
@ FLOYC (S0 oFLNUIE (20) o FLOWN(20) «FLOWNE (20) «FLOWW(20) 4R (20 + FL000100
7 PDYGE20) ROYVI20) oRSYGL20) «RSYV(20) «RV{20) +RVCR(20) yRVSG(20) » FLOOO110
B OAPL20) eSH(20).8YG(20) o SYVI20) «Y(20) oYV (20) ¢AEQONX(500) » FL0OOO120
9 AHRLY (507) yARFAN(SVO0) « VOL(S500) » FLN0O130
X ARSL (2 “orb)oPPFFF(°5)vPRL(ZR)vPRT(Z%).PSLINC(?S-ZJ)- FL000140
LIRS (PS) e TLAST(25) s IMON(25) o IXHNY(25) ¢ TZCRO(25) +KSOLVE(25) FLOO001%0
D LSREF1F5)BSSUNE25) «TITLL(25) FL0001A0
NIMENST N DIFtM(20) 01N W (20) oF (11889) JFLOWHW (20 ) +FLOWWW(20) FL000170
FGUIVALT OCEE(F (LY oUCID)) o (FLOVWNWEL) o FLOUNE (L)) o (FLOWWW(1) » FL0O00D1A0
1 FLOCEE (L) s (NTFNY (L) JLIFNEC(L)) o (DIFWW(1) «DYFEE(1)) FL0O00190
COMAON/CaMIRY FL000200
1 AKyARRLOWBIGCUHECK s CHIX DATA(6) +DP oFLL sEL2 vEMA «EMF y EMUREF o FLODD240
2 LPSTE RATEWALL 4FLOBFLOC «FLOWINJFLOWST ¢« FLOWIP «FSTO1C FLE00220
3 FSTUTHFUB W FUC sHFU«HA s INCo INERT o IPLRS ¢ IPREF ¢ IPRINT 4 ISNIP, FL0DD230
fh ISWEEP s LN o IXMOH IXPREF s IXPL e IXUy IXUPL o IXWo IXINY o IXINYU : FLNOO240
6 IX1IY1eTX2HY1) e IX2NY2 e 1YF o IYFML o IYFUEL o IYL o IYLML o IYLP1 o IYMON, FLNOD2%0
6 IYPREF vEYWoIYWUML ¢ IYWPL yJEMU ¢ IF M o SFUE o JH o« JLAST 4 UP o UPP ¢ JRHO FL0002R0O
7 JU51 USSR vJITEA S M« UV e KASE JKINFRI JKLT+KRAD ¢ KRHOMU ¢ KSWEEP +KTFST FLnOO0270
8 LABPHY of SWEEP o MSULVE «NTDNMA s NTMAX ¢ HTRAV o NUMCOL ¢ MIX e NXMAX o NXM1 o FLNO02A0
Y XM MY g HIXYP o NXYUSHXYVeNY s HYMAX ¢ NYMT1 o NYM2 ¢ OXB 1 OXC s PUAY 4 FL000290
X PREEXP v PPESSRELAXP ¢RF ¢ RFSTM (RSCHEK sRSMAX I RITI4R10¢R21 «R20 FLO0O300
: 1 STOICH s T3eTCoTINY«TMAX ¢ TMIN UBJUCWMIX FLN00310
Gl cmiotmcmm—ie—— e w S — . —————— e i ——a——— - ccesi-i FLODD320
rl(u@uxo 2) 1000.4000.5000 . FLO0033D
c FLNOOO3uO:
o IASS FLOWw RATLS FOR CONTINUITY CELL FACES - FLOOO3S0
C FL00D3s0
1000 IFCINC L. ~=1) GO 10 1062 FLNO00370
c EAST FALE OF  (1X+1) CELL FLODO3AD
IF (I LA NXMYY GO TO 101 FLDO0390
INXNY= IVIHYQHY FLOOO4OO
LG 1y Ly=peHYML FLOOOB10
IL=TY #ENXiY FLODOYPO
1LE=TE+1)Y FLOOOY 30
RHOU=RINOIE) FLOODUYLO
IF ONCIL).LT.n.0) RHOU=RHOLIEER) FLOOO4SO
FLOVELE () Y ) =RHOURU(IE ) A AREAE(TY) FLNODYRD
C HORTH FACE OF (Ix+1) LCLL FLOOO4?0
IVSIraIxInvl FLOOOYARD
ILV=IV+4aYal FL0OO0OYQO
RHOV=RHCOTE) o FLOVDSOO
IT (VITEVY LT 0.0) RHOVE=RIIO(TE+1) FLODDS10
10 FEORNE L IY)=RHOVAV LIEV) *ARE A (IE) FLN0DS20
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n

01

1

[d]

20

21

IL=Iyp ey xsny

ILV=IYF L IXANY 1anYig

RELOVaRHe (R

IF (vt T ne0) RHDVERHOCICHL)
FLOVE CTYURL ) =PURVEV LRV ) ARLAIICTE)
wu T 11

IFelbeG,n, 1) GO TO 101

PR Y- RS CA E1) ¢

Ut 1l Tar=ssldlivay

IesIveLaXayY

InH=T W=y

RIOUSREYC Tt

TF(UEIY ) LY ene ) RUOUSRUD(TW)
FLOW (Y =REny«t THW) *AREAL(TY)
fv=lvelcdi Yl

InVsly=iiy 21

RHOV=RH (T W)

AV )Y LTo0.0) RHOVERHO(IN+L)
FrLOunz iy ysialoye VEITHVY S ARFAN(IW)
Tw=kvi B4 1 XXy

LaVeivk: 1e1X1IHY =YL
REVVzRIG W)

VW) . LTa0.n) RHOVERHO( IW+1)
FLOWHSCIYT ML) =2RHOVAV LWV ) S AREAN(IW)
WOERTHE FaGr oF % CELL

ISIYE 14T LRY

Tvsly i+ I XIRYY

RUOV=REBit )

I Aviiw) L1000 RHOVERBOLIHL)
FLUMICIYEBLy=pIOVAV 1V ) S AREAN(T)
DY Le Iy=ordivn

Iv=ly 1 IalYl

I=1Va LXINy

REUVs=ihho L)

1 tviTv) L Tena) RIOVERHOEIH)
FLOWSCIY ) =RIHDwAv LIV * ARLALIC )

RE TUE

conTa

WInuatw.=1) to 7O 22

EAST AGL OF 1y CELL

QU RO Try=aedivial

IsIvaerxtipy

ILEL Y

REHOU=RIN (1)

1F Iy Teva 1) RHOUSRHOCIL)Y
FLOWE CLY ) mRHODUS1L (T ) *AREAT (1Y)
Ry, TR

06 A Ir=YedY(l

FLN00S30
FLODOSuO
FLOOOSSK0
FLOBOSA0
FL0OOOS70
rLo005a0
FLNO0S90
FLOOOGND
FLOVO0GIO
FLNO0sPO
FLoV06&RQ
FLOBOG6KRD
FLOUOGKO
FLNOOBAU
FLOUDG7C
FLNOO&AD
FLNODARYU
FL000700
FLO0OQ740
FL00OT720
FLODO730
FLOVOTu40
FLO0QT7S0
FLOOOT74A0
FLOOOT770
FLoOO7AD
FLNO0790
FLO0OBNO
FLoO0GoAa10
FLOOOYPD
FLODOBX0
FLn0ORuQ
FLOOQABSO
FLODQBAO
FLoo0Ooa70
FLn0OBAD
FLoOD89O
FLOD09NO
FLOODO910
FLOOD92O
FLNO0930
FLDOO94O
FLO009%0
FLD009A0
FLNOQ970
FLNOOAARO
FLO0UY90
FLNO1000
“L001010
1Ln010»0
FLnO10Z0
FLDO104O

)



22

3000

I=1Y4ixltty

Iw=l-ty

REOUzgpo (W)

IFUCIW) ot To0on) RHOUSRHOLT)
FLOWA 1Y) =RHOU= ¢ IW) ®ARLAE (TY)
Re, TURGY

IH(KOUDT(TX) eGTe1l) RETURN

DY 30 Ly=peilyms

I=IY+IXiNY

1L=I4)y

=11y

REQU=KH o T)

IFGUCT) oL Te0uan) RHOU=SRHUCIE)
FLOAE CIY ) =RHON=U 1) *AREAE(LY)
RUOU=RHr(f W)

IF(UCLW) ol ToO4n) RHOUZRHO(I)

30 FLOWW(IY Y=RHQU»UTIW) *AREAL(TIY)

RETUI)
£HD

o wme . -

ORIGINAL PAGE IS
OF POOR QUALITY

FL00100
FLN010&0
FL001070
FL0U10RO
FL001090
FLOO1100
FL0OO01110
FL0011>0
FL001130
FLO01140
FLNO11K0
FLOD11gO
FL0O1170
FLNO11RO
FLOO01190
FLO01200
FL0O01210
FL001250
FLN01230
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CFn00010

SUHRUUTIHF CUES§ (LPIL) CFOON020

c—-- ----------------- —-----—---——--------—--——‘-‘-----‘-Ob----—--V——-—OCF"UOOSO
cHAPTER ] v 0 0 1} DECLARATIONS 0 0 0 D 0 0 cFnbooyo
(o ‘ , CFpOO0S0
COMMAU/ZCOE AZ U(UED) oV IUTS ) «H(S00) «FM(500)aFUE(S00) +FS(S00415) CFa00060

1 PREL20) s TERTS00) « PLHIH) JRUNOLH00) EMU(ENO) » CF000070

1 DXGE25) OXU{29 ) yKOUNT (25 ) s RDIXG(25) sRDOXU( 253 +REXG {25} yREXU(25) 4 CFONngoao0

2 STORC(EH)eSXG(25) «SXU(25) e X(25) eXUL25) ¢ CFn0QUg0

3 AM20) 4 PEL20) ¢ ANL20Y yAREAE(2D) ¢ASI20) ASNIP(20) 1 AWI20) 4B (20 CF000100

4 GSNIP(20)+C020)CSNIP(20)vUIFE(20)¢DIFEE(20) vBIFN(20) CF000110

S DIFHEC20) oDIFW(20)9DSNIP(20)DUC20)«UvE20) «+0YG(20)10YVI20) CF000120

6 PLOWE(20) +FLOWEEL20) «FLOWN(20) +FLOWNE (20) +FLOWWI(20) ¢R{20) ¢ CFOD0130

7 ROYGE20)JROYV(201+RSYGI20) «RSYV(20) 4RV(20)RVCHL20) sRVSO(20) CFn0o140

A SPL20) «SUL20) «SYGT20) eSYVI20) Y120 oYV (20) «AEDDIX(S00) o CF000150

9 ANBLYIS00) s ARCAH(S00) yvOLIL00) CF000160

X ARSLE2%425 )1y PREFFIZ5)PRLI2DIPRT(25) +RSLINE(25v25) CFO001L70

1 IEW(29) s ILASTI2S) v IM0NE2D) « IXHY(25) + IZERD125) «KSOLVE (25) « CF0o001a0

2 ROREF(25) +RESUMI2EI W TITLE (25) CFOOD190
D1IMEUSTION OIIuw(?O)nDIlNV(ZO)qF(11869).FLONNH(20)uFLONNw(?O) CF000200
CRUIVALENCEE (1) eUC2) ) o (FLOWHWIL) e FLOWNE (1)) o (FLOWWWIL) o' CFN00210

1 PLORCEC) v (DIFNWIL) vUIFNECS ) ) 2o (DIFWW( L)« DIFEE(L) ) CF000220
COMMONZCOME/ , CFguo230

1 AR ARREUN s BIG COHECK yCMIXsDATA(S) +DP ELL o EL2vEMAVENF  EMUREF CFoULD2y40

2 EPSTVLORATYCHUALL WFLOBFLOCFLOWIN FLOWST ¢FLOWURYFSTOIC CF000250

3 PSTOIMFUBFUCHFUWHW o IRC e INERT « IPLRS 4 IPREF ¢ IPRINT ¢ 1SNIP, CFpo0260

4 ISWEEP e IXsIXMOMe IXPREF ¢ IXPY s IXUIXUPL o IXWoIXINY ¢ IXINYU CFobp270

5 IXAUYLeIX2MYU W IX2NY 2o LYF s LYFML o IYFUEL o IVL e TYLM1 4 IYLP 14 IYMON, CFpop2a0

6 TYPREF 1YW lYUML o IYWPL ¢ JLMU.JFM.JFUF.JH.JLA&T.JP.JPP.JRHQ. CFa00290

T U514 JS24JTEMGUU IV e KASE JKINPRI WKLT o KRAD « KRHOMU s KSWEEP JKTEST o CF00D300

8 LABPHILSWEEP JUSOLVE sHTOMASMTMAX s NTRAV « NUMCOL o X ¢ NXMAX s NXML » CF000310

9 MMy NXYG e IXYP o NXYUeHXYVoNY s NYMAX «NYMLNYM2:OXBeOXCoPJAY ¢ CFoo0n320

X PREEXP sPRESS o PELAXP oHF osRFSTH RSCHEK RSMAX «R1I sR10¢R2I4R20 CF000330

1 STOICHATHaTCyTINY « THAX s THIN,UBUC WHIX CFn0Q340
DIMEHSIUN beza) CFN00350

c ..................... ----------_---------.........----’.-..-,---.-------------CF000360
CHAPTER 1 111111111 PRELIMINARIES 1111111111 11CFo00370
C ------------------------------ ---—----"—.——--"———-----—---".—--—------CFOOOSBO
Commmmmmman eme==  UEFIMNE ARITHMETIC FUNCTION FUOR COMUINING CFp0D390
c APPROPRIATLLY CONVECTION AMD OIFFUSION CONTRIBUTIOMS CH00Qu00
C CFobO410
CONDIFP(OIFT +CONVISAMAXLIDIFF,  DIFF+CONV) CFO00Y20

C : CFO00430
NISID ETRETD CFOo0OH4D
IF{JIPHI LR 0) 60 TU 10 CFu00Ys0

IF (JPHILES.JU) - 6O TO 20 CFQa00460

IF tUPHTLEW V)Y LD TO 30 CFDODY70

F (JPHL e JPR)Y GO 10 4o CFn0o4a0

GO TU:50 : CFQUQ49D

C CFDO0OS00
c DIFESION TERMS FOR CONTINUITY CELLS CH000510
c CFN00S20
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10 DO 190 1Y=2.NYMY CFpoO0S30
I=1Y4IX1INY CKFo00540
1w=1=NY CFoL0%50
IE=1+NY CF000560
Iww=lw=ny , CFp00570
1TLL=IE+NY CF0o00580
DIEN{IV)I=0.5«(EMUCT+1)+EMUCT) ) =ANDDY (1) CFnlb0590
1IFUIXEQ.2) GO TO 1d3 CFO00600
DIFWIIV)=U S (ENULIWIHEMULI) ) SAEDOX (T W) CFDUbvB10
1 (INC. LW, 1) GO TO 154 CFoL0620
DYEWW(IY )20 S (EHUCIWWI +EMULTIW )Y ) ®AEDOX ( TWW) CF000630
DIFMWEIY)I=0«S5% (EMUCTW# LI CENMUCIW) ) 2ANDDY (1IW) CFo0o640
GO TO 154 CFD00650
153 DIFW(IY)=0.0 CF0006G0
154 IF{IXEQLNXMLY GO TO 156 ’ CFo00670
DIFE(IY)I=0o 52 (L MUCT)I+EMUCIE) ) «AEDDX(T) ‘ CF000680
IFtINC.EQ.=1) GO TO 158 CF0N0690
DIFELLIV)I=0.5 (EMULIE) +EMUCTIEE) ) *AEDDX(IE) CFo00700
NDIFNCEIY)I=0«S¥ (CMULIE®L)+EMUCTIE) ) «ANDDY (IE) . CF000710
GO Tu 188 . CFnQ0720
156 LDIFELIY)I=0.0 CFp00730
158 CUNTINUE cF000740
DIFN(IYL)=0.0 CFo0U750
DIFNLCIYL)=0.0 CF000760
DIFN{NYMY)=0.0 CFoooT70
DIENE(NYML)I=0.0 cFo00780
RELTURN CFn00790
C-- —————— s W S e D am we M E Ew = W W A wm R en En e W .- - - e e ------—--------------O---CFODOGOO
CHARPTER 2 2 2 2 2 2 2 COEFFICIENTS FOR _U-EWUATION 22222 2 2 2CFp000810
C ------------------------------------- o - --—-—-—-—--—------—--~---CFDUOBZD
20 lrlxuc EU -1) GO Tu 289 cFo006830
Chi= FLONN(IYFMl)#FLOWNE(IYFMI) CFo00840
IFCIXULEQ,2) CH=UMN+FLOWR(IYFML) CF000850
IP(TXULED,NXM2) CHSCN+FLOWNE(IYFM1) CF000860
ANTIYFMI)=0.5*AMAXIL0.04=CN) ckocoszro
c cFo0n8a0
DU 26 IY=IYFWIYL CF0008490
DH=DIFNECIYIADIRNLIY) : CFodo900
NE=VIFEEOIY)+DIFE(LY) : CFn00910
DW=DIFW(LlY)+UIFE(LY) CFo00920
CS8=LN CF000930
CN=FLOWHE (T Y )4FLUWNLIY) cFo009y40
CL=FLOWELL (IY)4+F LOWELTY) ] : ctolossa
Cw=FLOWW(IY)+FLOWELIY) CF000940
IF (1XU.NC.NXM2) 60 TO 287 ' CFno0n9y0
CH=CH+LOWNELTY) ) CFo00940
DN=R+0IFHECTY) CFp0o990
CE= FLUwFC(IY)+(LOHEL(IY) CFa01000
DE=0.D ' -~ CFoL1010
GO TO 286 CFQo01020
287 IF (1XU.NRR.2) GO TO 286 CFQ01030
bws0.0 CFDO0L1oy0
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o i et S

Chusf LW Y+ rLa
CH=UH+FLOLHETY)
QUSRI+ TFNCLY)

Concmesmsacmanwanann

W lY)

COMBIHING QIFFUSION AHR CONVECTION CONTRIBUTIONS

286 ASUIY)=A(LlY=1)+0,5¢CS

ACLY)=0.5«C0N0T
ALCIY)=0.H5»CONDT

F(UNe=Cli)
Fbk,=-Lt)

26 AviIY)ZN58C0NDIE (UWe CW)

C

bu T 299

209 CHEFLOWIW (LY ML) +CLOWHLIYE ML)

IFUIXULER,2) Cl)=

1F CIXUSEL NXIM2)
AMICEYFML)Y =0 DA

DO 27 TIY=1YF,IVL
DM=D1FNWLIY)+DIF
NE=LIFE (LIY)+0IFVY
DWSDIFWCIY)YYDYI Y
cs=Cn
CH=FLOWNW (1Y) 4FL
WEEFLOWELIYI4FILLD
Cw=kLOVWCIY) ¢l
TH4IXULHE JHXM2)
Ch=CH+FLORIIETIY)
DI=LDHSDIFHLLIY)
CE=FLOWECIY)+FLOD
NneE=0,0

GO TO 296

CHHFLOWNWIIYFML)
CH=CN+FLOKII(TIYFM1)
AX1(0.0v=CH)

N(LY)
(Iv)
WETY)

OWNCIY) '
WWiIY)

OyWiIY)

6o 10 297

wC 1Y)

297 IH (IXUWNEL2) GO TO 296

Du=0,0
Cu=FLOWHUCIY)4TL
CH=CHHELOWMNW(LIY)
DH=DHN+D T NWLTY)

OWuWwily)

296 ASCLY)=AN(IY=1)40.5%CS

ANLIY)I=0 HeCONDL
AECLIY)=0,%«C0NDT

f(UNe=~CN)
F (Uty=CL)

27 ALY )I=0,52C0HN0TF (DWs CW)

299

C

1a70
C

200

CALL SUURCE (J)
1YL pBOUNDARY

IF tIvL.NEHYN)
CALL YALL (MY WSTF
SELIYLI=SPOIYL)Y-
I (KTEST 6T 2)

IVhL=LYh+00L
ISZIYFML+ IXINYL
ACIYFHML)=).0
BCIYFML)I=OCLS)

GU TU 1070
RMaSTERML04upiD)
STERM1
CaLL TEST(31)

cF001050
CF0010¢0
CFNOo1070
CF0010p0
CFO00D1090
CF001100
CFN01110
CFQ01120
CFoU1130
CFO01140
CFo011s0
CF001140
CFo01170
CF0011n0
CFg01190
cFan1200
CFo001210
CFa01220
CFN01230
CFO01240
CFD01250
CFND1260
CFno01270
CF001280
CFp01290
CF001300
CF001310

CFo01320-

CF001330
CFO01340
CFp01350
CF001360
CF001370
CF001380
CF01390
CF001400
CFQO1410
CFn01420
CFn01430
CF001440
CFDO1450
CF001460
CFD01470
CF001480
CFOO01490
CF001500
CFO01510
CFO01520
CF001530
CFo01540
CFOU1550
CKDG1560

i
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(H{R}HVAI:IU&GE)IS !
OF POOR QUALITY -

00 290 IV=1YF 1YL CFN01570
Ivitl=1Y>1 CF001580
I=1Y4+IX1HYU ) CFpU1590
IP=IYM1+TI22HYU . €F001600
1EP=IP+HY M2 CF001610
IE=1+NY CF001620
Ix=I=NY CF001630
COIY)=SUCIY)I+AE(IY)*ULIE)+AWLIY)*U(LY) CFO01640

DIIVISAECTIYI+AUCIYI#AS(IVI+AH(IY)=SP (1Y) CF001650 b
CSNIP(IV)=CCIY)I=AREAE(LY)*(P(IP)=P(IEP)) CF0016¢0

PSNIPEIY)Y=ULlY) CFO01670 :
ASHIPLLY)=AN(LIY) ' CF001680

BSNIRP(IY)=AS(IY) : CF001690 :

DUCIY)ISAREAELTY)/ZDIIY) ‘ CFH01700 i

TERM=D(IY}=AS(IY)*ALIYML) CFO01710 f
ACLY)SAN(IY)/TERM CF001720
290 B(IY)=(CCIVI+B(IYML)*AS(IY))/TERM CF001730

If (1SNIP.FEQe0) RETURN CFO01740 :

SUM=0,0 CF001750 i

DO 291 IY=IYF,IYL ) CF001760 )

IF (SP(1Y).LT,-1.0E08) GO TO 291 CF001770 :
I=IY+IX1INYU CFo001780

RS=D(IYI*UCI)=CCIY)=ANCIV)I®U(T+1)=AS(IY)*U(I~1) CF001790 ?

SUM=SUM+RS CF001800 i

291 COHTINUE CF001810 ‘

RSLINE(IXU s JPHI Y =SUM/RSREF (JPHI) CF001820 :
ARSL{IXU s gPHI ) =ABS(RSLINE(IXUsJPHI)) CF001830

00 292 IDASH=IYFIYL CF001840 ;

IY=IYFL=-IDASH CF001850 {

1=LY4IX1NYU CF001860 ;

292 UCI)=A(IY)#U(I+21)+B(1Y) CF001870 i

RETURN , . CF0018a0 ;

c ------------------------ bl A R R -----------------------------------CF001890 :

CHAPTCR 3 3 3 3 33 3 COEFFICIENTS FOR V-EQUATION 5 3 3 3 3 3 CF001900 ;

c- -------------------- ---—---------------------------------------------CF001910 i
30 CH= FLONN(!YFMI) CF001920
AMCIYFMLY=AMAX1(0.02=CN) ‘ CF001930
CH=CH+CN CF003940
DO $5 IY=TYF.IYLM1 ‘ , CF001950
IYP1=IY+1 CF001960
DH=DIFNCIY)+OIFH(IYPL) CF001970
DE=DIFE(IY)+DIFC(1YPY) CcF001980
UwSUIFW(IY)+DIFWLEYPL) CF001990

cs=Cn _ ' CF0G2000 :

CH=FLOWITIY)+FLOWNI1YPL) CF02010 5

CE=FLOWL{IY)+FLOWE(1YP1) ; CF002020 ‘
CWFLOWY (1Y) +FLOWW (1Y) o CFD02030
IF (1Y.NE NYM2) GO TO. 387 CF002040
CE=CEMFLOWC(TIYPL) CF002050
CH=CW+FLOWWLIYP) . X CF002060

OE=UE +DIFE (1YP1) - CF002070 §

De=Dw+DIF 4 CIYPY) i CFoU2080 :

1
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CHEFLOWNEIYPL )47 LOWMELYI'Y)
=040
60 To 386
387 If (lY.HEL.2) GO TU 386
CL=CE+FLOUyLLLY)
Ch=CW+FLOYR (1Y)
DL=DE+LIFE(LY)
DU=DACIF (1Y)
Commamemmucnecancana  COMBINING DIFFUSION AND CONVECTION CONTRIDUTIONS
386 ASUIVISAN(IY=~1)+CS*U.5
AHCLIY)=0.50CONDIF (DMe=CN)
ACLIY)=C45+CONUIF (Db y=CE)
36 AWt1Y)=0.5¢CONDIF (UWy CHW)
CALL SOURCE (JV)

C IXL JOUMNDARY

IFCIXJIE oFIXML) GO TO 2054
DO 2050 Iy=1YF,IYLM1
CALL WALL (NX+STERM+STERML+1Y4JPHL)

2050 SPLIy)=SP(IY)=-STERM]

2054 IFf (KTEST,6T,2) CALL TEST(31)
IYFL=IYF+IYLMY
IS=IYFMI+IXINYL1
ACIYFA1)Y=0,0
BOIYFML)=v(IS)
OVUIYFM1)=0.0
DO 390 IY=1YF,1YLML
IYML=1Y=1
I=IY+IX1INYL
IL=I+NYMY
fuslalyM)
IASTY+1IX1HY
L(IY)-SU(IY)+AF(IY)*V(IL)+AH(IY)*V(1N)
UDCIYISAECTY Y +AL(IY)IHASCIY) +AR(IY)=SP (1Y)
DVUIY)SAREANCIA)ZDCIY)
TERM=O(IY)I=AS(IY)*A(IYL)
ACLY)=ANCTIYY/TERW

390 BCIY)=(CCIY)I+(IYMI)I®AS(IY))/TERM
SUM=0,40
DO 391 LYy=17F,IYLNML :
IF (SPCLY) *7,-1,0E08) GO TO 391
I=1Y+IX2ilvl
RS=D(IVIAV (LY =CIV)=ANCLIY )%V (I+1)=AS(IY)xv(I=~1)
SUM=SUM4+RS ’
391 CONTINUE

RSLIMECIX o JPHI ) =SUM/RSREF (JPHT)
ARSLCIX o dPHI)=ARS(RSLLHE (1X e JPIIT))
DO 492 TDASH=IYMIYLM]
IY=IYFL=1DASH
I=1YFIX1INYL

392 VOLI=ACTY)»V(TI+1)4HLIY)
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ANCIY)I=SREDCEL«ARCANTI) 0OV (IY) CF002750
c ‘ CF002760
RHOCEL=RHOtI) CFo02770
IF(FLOWM(IYM1) .6k o0e0) RHOCEL=RIHO(LS) CF002780
ASCIV)SRHOCEL*AREANCIS ) 2DV IIYML) ) cF0027490
C . CFo02800
IF (INC.t0.=1) GO TO 41 . CF002810
c CFQ02820
AVLIY)=040 . . CF002830
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GO T ué CF002880
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AWCIY)=RINVCEL*XAREAETTY ) »DUCLY) CFQ02930
c , cFaL2940
H#6 CONTINUL CF0029%0
C . ‘ CF0029460
CALL SOURCL (Jpp) CFo02970
¢ ‘ . , CF0029480
IF (KTEST#GTe2) CALL TEST(31) CF0Q02990
IYFL=IYF+IYL CFQ03000
ALIYFM1) =040 ’ CFN03040
BALYIMI)=0 U , _ : CF003020
PRLIYLPL)=0.0 : ) CF003030
0O 490 IV=IYF,IYL . CFo03040
1YMi=ty=-1 . CE003050
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ASCIY)=AN{IY =1)+FLOWN(LY=1)
ANCTIY)ISCOHDIF CDIFHNCLY ) =RPREFF y=FLOWNTIY))
ACLIV)ISCOLUIF(DIFECLY)*RPRESF ¢ =F LOWE (YY)
AWLIY)=COHDIF(UIFWILY) #RPREFFy FLOWWLIY))

.

CALL SOURCE(JIPNI)
II (KTEST.GT.2) CALL TEST(31)

IVEL=1YF+IYL

ICONST=1XHY(JPNT) +1LERUCJIPHI)
IS=IYFM1+4 [CONST

ALY ML)=y.0

BOAYEML) = ES)
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TERM=D(IY)=AS(IY)2ALIYML)
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BIY)=tCOIYI+B(IYMLII&AS(IY))/TERM
SUM=0.0 )

DO 591 IVY=i(Yr,IYL
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CUNTINUE
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N0 592 TOASHEIYFLTL

1Y=IYFL-1DASH
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MA=HS ¢ L RE0O007320
DU 27 I=1.08 RENOO740
BRSMY=Letd /MU () RE0D00750
Do 27 Jd=1,7 RE0OQ7A0
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IN(DTLLEE.RVIASY GO TO S22 REN0C0870
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REQO1AX0
RLOO1&640
REQ016%0
REDOL1EAD
REOD1670
RENO16A0
REN01690
RLDO01700



HCPS0010

sUBRSUT HEPS HCPS0000
LeGLLal Convi HCPS00A0
ot 21 LGN/ TOLOGIUCUZ2 ¢« TNF o IDH T0H2 « TDH200 TDO« TOOH,, 1002 ¢ T HCPSO0NUO

1 UMy he 20 102 10120 « JENUIL o THCPS o IPR o JUeKNTCS oA o LMy HCPS0OSN

2 30 0 e SE2eKReNESMIRLL I NS2 TN (% 415) HCPSOO0RD
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LISTING OF DATA CARDS

ELEMENTS

C , 12,.01115 4.0

H . 1,00797 1.0

8 15,9994 ~2.0
y] : 14,0067 0.0

-

S J 3/761N
Ge245026768F Cl 0.,10A61458E~
0e5A116035F 05 0.44487572E
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o J 6763N
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1.0 2.n0 0,00 0.6 %300,000° 5000.000

w02 ‘ J 97645

CHA2UNT7I9T 61 0.25260330FE~

0 22899900 04 0,13324137E

~u09q3J6665F s 0. 561936795
120 : J12/764N
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u.??&?b&?/F-”d U.80n50276E~

}Ux J 9/65k

Uc2ﬂ9nzl9ﬂp 01 0.15%5154883F~
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il ‘ ) J 3/761C
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Oe3r21952L5 (1. 0,73r18256E~
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1,00 0.00 0.0N 0.6 300,000 5000.000
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13 0. S56098898F 05 C0.4167S749E 01

1.0 "1.00 0.00 0.6 300,000 5000.000
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01 0,40459509E 0U1~0,34181783F=02 0.79R19174F=05"

11 0.97453867E 04 0,29974976E 01
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| | 2.0 1,00 0,00 0.6 300,000 5000.000  *
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01 0.26189194E 01 0.8A439550£=02-0.68110412F-05

13 0.837520078E 04 0.92266951F 01

2.0- 0.6 0.6 0.6 300.000 5000.,000 _—
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01 0.3A748257F 01-0,12031496F=02 0,232740100F-05
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1 4pn 000 06 300,000 - 5000.,000"
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11-0.10144950E 0% 0.86630C073¢ 0¢

2.0 0.0 0.0 0.G 400,000 5000.000
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-0019
_o0020
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_00s32
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C0035
0036
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0.29840689F 01 0.14891387£~02~-0.57399567AE-0A 0.10364376F~ 09 0.A9353499F =14

roe

0el4356305E 05

J 9765C 1,0

D.44608040F C1 0.30981717E-02~0.1239256AE~05
«0+4R961438F 05-0,98A35978E 00 0.24007784E 01
Ue20021860F=~0C8 0,6327H039E-15-0.48377520E 05

2]

.0
H2

H20
-u.ZQQOSBZOF

0

. 0 25000000 01 0.0
0e25471625F 05-0.460117%8E 00

2,00 0,00 0.6

«0.,14245227F 05 0.63479147E 01 0.3710091AE 01~0.,1A190964E~02 0.36923%84F~05

 A0e20319873F-08 0.23953344F-12- 0.,29555340FE 01

300,060 5S000.000

0.22741323F~09-~0,15525948F~13
0.87350905E-02-0.66070AR1E=-0U5
0.36951447E N1

J 97654 1.00 0,00 0.00 0.6 300,000 5000.000
0.0 0.0 ‘ 0.0
0.25000000E 01 0.0 ) 0.0
0.0 0.25471625E 05-0,46011758FE 00
J 3/61H 2.0 0.0 0.0 0.6 300,000 5000.000

0.31001883F 01 0.,51119453£-03
«0¢87738013F 03-0,19629412F G1
055210343 =-08~0,18122726E=-11-0.98490430E

J 3/61H 2.0 1.00 0.00 0.6

01 0+29451370E-02~0.802243A8E~06
05 0.66305666E 01 0,4n701275E 01-0,11084499E=-n2 0,415 211&07-05

=0¢29637404F-08 0.80702101E-12-0.30279719E 05-0.32270038E 00
300,000

J 67620 1.00 0.00 0.00 0.6

0.526454204F~07-0,349095R84FE=10 0,3/945341F-14
0.,30574446F 01 0,26765198E~02~0,5R099149€=-05
03=6,22997046F 01

200,000 5000.000

0.10226681F=N9=0.4A4T72104F =14

5060.000

O ZSuduSEuF (§1-0.27650603E-04=0431028029E~0A 0.45510A70F~11-0,43AAN494F =15

e 292305

C1F 05 0.49203072E 01 0.,29464263F 01-0,16381664E-02 0,242103535=05

-0 16028#3?.-98 0.3890r964E~12 0.29147641E 05 O. 29639931F 01

fH

T Ge2910A417F 01

Ue393523a11F U4

0.

J 37660 1l.a 1.00 0U.00 0.6

55931627F=03-0+19441700F -

0.54423428E U1 0.38375931F 01~0,1077883
0.49370009E 00

0elB713371F~09-0,22571089F~1& 0.36412820F 04
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0
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GH SN2

110 3fe}

e R M
NO 1

tO B )

0 NO M

300,080 5000.000

0h 0.1375664AF~10 0.,14224842F=15

SE~02 0,96R3N35UF=-0N6

10.1760 0.0 0.0
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-0039
0040
~0oui
0042
0043
-0044
0048
0046
0047
_0043
0049
onso
_oos1
~0ose
0053
-onsy
‘0oss
0056
S oge
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WALDT/74._0066
WALD7/74_00A7
WALD7/74_0063
WALDT/74_0049
WALDT/ 749070
WALDRT/74_0071
~onz72
_on73
20074
U075
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APPENDIX C - GLOSSARY OF FORTRAN VARIABLES

Note: A nurhber of Fortran variables, which are used locally
in NASCO II, are not listed below. However, the user
should be able to derive their meaning from the context
in which they are used. |
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NAME LOCATION | TYPE MEANING
A COEFF Array Finite-difference coefficient.
A  CALC Array Elements of the correction matrix.
AC1-AC4 { * BLOCK Polynomial coefficients for specific
’ o DATA heat of equilibrium-~-product-species.
AE - COEFF Array | Finite-difference coefficient.
AEDDX | - GEOM  'Array Ratio of area to the internodal distance
for east face of the cell.
AH1-AH4 | BLOCK ?olynomial coefficients for enthalpy
' DATA of equilibrium-product-species.
AK BLOCK Von Karman constant.
- DATA ‘
AK " REACT Temporarily stored quantity.
AL REACT Array Atomic stoichiometric coefficients;
' : | AL (1,J) is the kg-atoms of element I
per kg-mole of species J.
ALNR1I | MAIN Ln (r1 m/r1 i)
ALNR10 MAIN n (r1 0/r1 m)-
ALNRZI MAIN &n (r2 m/rz 1)-
| ALNR20 MAIN $n (r2 O/r2 m)-
AMCH REACT Alphanumeric storage for "MECH".
AN COEFT Array -,Finite—difference coefficient.
ANDDY GEOM Array Ratio of area to the internodal dlstance
for north face of the cell.




NAME LOCATION TYPE MEANING
AREA ADJUST Total flow area normal to the x-direction.
AREAE GEOM Array |Area of east face of a continuity cell.
AREAN GEOM Array Area of north face of a continuity cell.
ARG WALL Logarithm of argument.
ARGMIN| - WALL Smallest value of ARG.
ARRCON| BLOCK DATA Arrhenius constant, E/R.
ARSL . COEFF -Array [Sum of absolute values of RSLINE,
AS - COEFF * Array [Finite-difference coefficient.
ASM1- | '
ASM4 BLOCK DATA | Array [Polynomial coefficients for reciprocal
: mean molecular weight of equilibrium-
product-species.
ASNIP COEXT Array |[Finite-difference coefficient used in
performing SNIP. (see Section 3.3.5).
ASUB REACT Array |Molecular symbol for species.
AS1 BLOCK DATA | Array |[Polynomial coefficients for concentration
' of equilibrium-product-species.
AT REACT Array |Atomic symbol for species.
~ ATOM REACT Array |For element K,
‘ . ATOM (1,K) = Atomic symbol;
ATOM (2,K) = Atomic weight;
ATOM (3,K) = Valence or oxidation state.
AW COEFF Array |Finite-difference coefficient.
B COEFF Array |Finite-difference coefficient.
BIG BLOCK DATA A large number,
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NAME LOCATION TYPE MEANING
BLANK OUTDﬁT, Alphanumeric¢ storage for 4 blank spaces.
REACT

BSNIP COETY Arvay |Finite-difference coeflficient used in
performing SNIP. (sce Seetion 3.3.58).

BX REACT Array {Arrhenius pre-exponential factox fowv
forward reaction.

RX% REACT Array [Arrhenius pre-exponential faector for
backward reaction,

|G COEFF Array |Finite-differvence coefiicient.

CCHECK | BLOCK DATA Convergence criterion for sum of

. residual errvors.

CE, CN, COERF Convective fluxes (E=east face, N=North

CS, CW face, etc. )

CMIX BLOCK DATA Specific heat of mixture,

COND BLOCK DATA Thermal conductivity.

CONVG SPECE Parameter to indicate conveyrgence of
chemical-kinetics solution.

CPR © CHEM Specific heat of equilibrium-product-

§ species,.

CPSUM HCPS Specific heat of mixture. »

CSNIP CQEFT Array ([Finite-difference coefficlent used in
performing SNIER, (see Section 3.38.8).

o COEFF Array [Finite-difference coefficient.

DATA QUTPUT Avray [Temporary storage before printout.

DATA REACT Array [Temporary storage fou veading in data.

DE,DN, COEFYF Diffusion fluxes (L-mm face, N=North

nw ‘._.ﬁnca* etc. ), ‘ i
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- NAME LOCATION - TYPE MEANING
DELU ADJUST ‘Increment in values of U along a line
resulting from an overall continuity
correction,
DIFE COEFF Array
g%gﬁE‘ ggggg ﬁiigy Arrays used to store the diffusion fluxes
: * ‘ y through the faces of a continuity cell.
DIFNE CCEFF Array _ - .
DIFNW | = COEFF Array - (E=past,EE=East-east;
, N=North; NE=North-east; NW=North-west;
DIFW COEFE Array W=West; WW=West-west face.)
DIFWW | COEFF Array THests St ace. )
DP - ADJUST Pressure increment.
DSNIP COEFF Array | Finite-difference coefficient used in
T 1 performing SNIP. (see Section 3.3.5).
DTEMP [MAIN,CHEM Fractional temperature increment.
DT1 REACT Quantltles used during 1nput of
DT2 " REACT thermochemlcal data
DU . COEFF Array | Influence coefficient used in the
‘ correction of u-velocity.
DV . COEFF Array | Influence coefficient used in the
' correction of v-velocity.
DXG - GEOM Array {Difference in the x-coordinate values
) ' ‘ between two adjacent grid nodes.
DXU " GEOM Array |Difference in the x-coordinate values
between two adjacent u-locations.
1 DYG GEOM Array |Difference in the y-coordinate values
between two adjacent grid nodes.
DYV GEOM Array |Difference in the y-coordinate values
' | between two adjacent v-locations.
ELEM REACT Alphanumeric storage for "ELEM'.
EL1-ELJ BLOCK DATA |

V D1mens1ons of combustor Ll’ Lg (Fig.1).
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- NAME | LOCATION | TYPE MEANING

EMA,EMF| BLOCK DATA Mass flow rates of air and fuel at inlet.

ggﬂSlO Imissivities: 10=Outer surface of inner Wall;

IMIS2I || BLOCK DATA 2I=imner surface of outer wall;

'EMI§%O 20=Outer surface of outer wall;

EMISXI XI=inner surface of end wall;

EMISXO X0=outer surface of end wall.

EMU MAIN - Array | Effective viscosity.

EMUREF | BLOCK DATA Reference viscosity (=laminar viscosity)|

EMUT MAIN Turbulent viscosity.

EMV WHEM Total convective and diffusive mass
inflow to a cell,

ENTH MAIN, Enthalpy.

' CHEM

ENTHB MAIN Enthalpy of B-stream.

ENTHC - MAIN Enthalpy of C-stream.

EPSS BLOCK DATA Convergence criterion for species
concentrations.

EPST BLOCK DATA Convergence criterion for temperature.

EQRAT | OUTPUT Equivalence ratio.

ER WALL EWALL* Reynolds number.

ESMASS SOURCE Source term for continuity equation.

ETA SPECE Under-relaxation parameter.

ETAL SPECE Under-relaxation parameter,

EWALL | BLOCK DATA Constant in wall function.

T - MAIN Array |An array used to store all the
dependent and auxiliary variables.

FACTOR | MAIN Temporariiy stored quantity.

a2
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NAME T.OCATION ‘TXPE MEANING
FFy MAIN, Mass fraction of fuel.
CHEM

FJF SOURCE Mass fraction of fuel.

FJP CHEM Mixture fraction.

FLOB MAIN Flow rate in B-stream.

FLOC - MAIN Flow rate in C-stream,

FLOWE FLOWM Array?| Convective fluxes through the east and

FLOWEE| TFLOWM Array )| east-east faces of a finite-difference

~ cell.

FLOWIN MAIN Total inlet mass flow rate (air+fuel).

FLOWN FLOWM Array Convective fluxes through the north,

FLOWNE FLOWM Array ? | north-east and north-west faces.

FLOWNW| - FLOWM Array ) |

FLOWST| ADJUST Mass flow rate based on the starred
velocities.

FLOWUP ADJUST Mass flow rate through the plane up-
stream (in the sweep direction) of the
one being considered.

FLOWW - FLOWM Array Convective fluxes through the west

FLOWWW | . FLOWM Array and west-west faces.

M MAIN Array Mixture fraction.

FN2 CHEM Nitrogen mass fraction.

| FO2 ~ CHEM Mass fraction of oxygen.

FPR CHEM Mass fraction of equilibrium-product-

species.,

s MAIN Array Mass fra¢tions of species,

FSII CHEM Temporary stora.ge‘ for FS.
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HW

BLOCK DATA

NAME LOCATION - MEANING
FSTOIC MAIN Stoichiometric mixture fraction.
FSTOIM MAIN 1.0 - FSTOIC.
FUB BLOCK DATA Tuel mass—fraction in B-stream.
FUBRNT ZOURCE Iuel mass-fraction in fully-burnt gas.
FUC BLOCK DATA Fuel mass-fraction in C-stream.
FUE MAIN Array Unburnt fuel mass fraction.
FUEX ‘SOURCE Excess fuel.
GASCON | BLOCK DATA Universal gas constant.
GAZ REACT Alphanumeric storage for 'G' (for gas).
GF REACT Temporarily stored quantity.
H MAIN Array Stagnation enthalpy.
HDIV BLOCK DATA | Intérmediate enthalpy value for the
coefficients AS1.
HFU  |BLOCK DATA Heat of combustion of fuel.
HMAX |BLOCK DATA Maximum enthalpy value for the coeffi-
: cients AS1.
ﬂMIN' BLOCK DATA Minimum enthalpy value for the coeffi-
_ cients AS1. : R
HMIX ‘CHEM Mixture enthalpy.
HPR CHEM Enthalpy of equilibrium-product-species.
HSUM MAIN Enthalpy of mixture.
HO MAIN Array | Enthalpy of species.

Recovery factor.




DATA

NAME } LOCATION TYPE MEANING

I Index, generally used to define the
storage location of a variable (other
thean v or p) at a given grid node.

ICONST =IX2NY2-1,

ID REACT ID (K,J) is the species index number
of species K in reaction J.

IDASH COEFF Index in back-substitution for TDMA.

IDCO | BLOCK DATA Index for CO.

IDCO2 | BLOCK DATA Index for CO2.

IDEBUG| BLOCK DATA Index for chemical-kinetics diagnostic

: output;
=0, no output;
=1, output obtained.

IDF BLOCK DATA Index for fuel.

IDH BLOCK DATA Index for H.

IDH2 BLOCK DATA Index for H2,

IDH20 | BLOCK DATA Index for H20.

IDN BLOCK DATA Index for N.

IDNO BLOCK DATA Index for NO.

IDNO2 | BLOCK DATA Index for NO2.

IDN2 BLOCK DATA Index for N2.

IDN20 BLOCK DATA Index for N20.

IDO BLOCK DATA Index for 0.

IDOH BLOCK DATA Index for OH.

-IDO2 BLOCK Index for 02.
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‘ NAME

LOCATION TYPE MEANING
IE, IN Storage locations for neighbouring nodes
INE, around the one corresponding to the
INW, storage location I oxr IV; IE for the
ete., eastern one, INW for the north-western
one, and so on.
IEP Storage location for p-node at the east
of the one corresponding to IP.
'IEQUIL} . BLOCK DATAl =0, equilibrium concentrations not
‘ obtained., .
=1, equilibrium concentrations obtained,
TEW CONST Array {The number of nodes in the r-direction
at which values of a dependent veriable
‘ are stored.
THCPS MAIN Index to control calculation of
thermodynamic properties.
ILAST CONST Array [The last location in the F-array for a
given variable,
IMAT SPECE Number of rows in Newton —Raphson correctiom
matrix.
IMON CONST | Array | Index to denote the grid node (IXMON,
' IYMON) for use in monitoring the
progress of the iterative solution.
INC MAIN =1, sweep in positive x-direction;
=-1, sweep in negative x-direction.
INERT | BLOCK DATA Indicator of chemically-inert/reacting
‘ flow: =1, Chemically inert;
=2, Chemically reacting.
Ip Index used to define the storage
{ location of a p-node.
IPLRS | BLOCK DATA Number of sweeps after which residual
' ' errors are printed out. :
IPR BLOCK DATA{" ' " Index number for products.
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ij NAME LOCATION TYPE MEANING

IPREF CONST Index used to define the storage
location of the reference-pressure node.

IPRINT] BLOCK DATA Index to control type of printout
required, i.e. field values of dependent
variables are printed after every
IPRINT iterative sweeps.

ISNIP MAIN =0, SNIP is performed;
=1, SNIP is not performed (See Section 3.3.5)

ISWEEP| MAIN Variable counter for the iteration
sweep number.

IT MAIN, Number of iterations on temperature.

’ CHEM

ITER SPECE Number of iterations during chemical-
kinetics computations.

ITMAX | BLOCK DATA Maximum number of iterations of
chemical-kinetics computations.

IV Index used to define the storage location
of a v-velocity node.

IVE, IVN Storage locations for neighbouring

IVS, etp v-nodes around the one corresponding
to IV~ IVE for eastern one; IVN for
northern: one; and so on.

IX The grid-line number for an X-constant
line on which variables are being
updated.

IX1INY MAIN =( IX-1)*NY.

IX1NY1 MAIN =(IX-1)*NYM1.

IX2NY2 MAIN =(IX-2)*NYM2,

IX1INYU MAIN =(IXU-1)*NY.

IX2NYU MAIN =(IXU-2)*NYM2.
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NAME LOCATION TYPE MEANING

IXMON, | BLOCK DATA (IXMON, IYMON) is the location of the

IYMON grid node at which values of the
variables are printed out at each
iteration for monitoring ‘the numerical
process.

IXNY CONST Array |Variable to facilitate computing the
location in the storages for the
variable denoted by J at a grid node on
the line where variables are being
updated. For example, I=IY+IXNY(JV)
gives the storage location, I, in the
V-array at the grid node (IX,IY), IX
having been included into IXNY (JV).

IXP1 MAIN =IX+1,

IXPREF | BLOCK DATA (IXPREF, IYPREF) is the location of the

IYPREF grid node where the pressure is taken
as the reference value.

IXU MAIN IX-location of u-velocity currently
being solved for.

IXUP1 MAIN IXU+1,

IXW BLOCK DATA Index denoting end @i inner tube in
x-direction.

1Y An index used to denote the (IY)th grid
node on the line where variables are
being updated.

IYF, MAIN The first and last IY-locations in the

IYL domain of integration.

IYFML MAIN =IYF-1.

IYFR1 MAIN =TYF+1,

IYFUEL | BLOCK DATA IY location of incoming fuel stream.

IYLM1 MAIN {=IYL-1.

IYLP1 MAIN =IYL+1.

IYML A=sIY-1.
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NAME LOCATION TYPE MEANING
IYw BLOCK DATA index denoting location of inner tube
{in y-direction.
TYWM1 MAIN =IYW-1,
IYWP1 MAIN =IYW+1.
I1ZERO CONST Array |The location in the F-array that is
, - immediately in front of the first of
the storages for the variable denoted
. . by J. :
JEMU BLOCK DATA Index for effective viscosity.
JFM BLOCK DATA- Index for mixture fraction. |
JFUE BLOCK DATA index for unburnt fuel mass fraction.
JH BLOCK DATA fndex for stagnation4entha1py.
JJ REACT ‘|Number of chemical reactions.
JLAST BLCCK DATA.. Maximum index number for variables stored
R in F-array.
Jp BLOCK DATA Index for pressure.
JPHI Index for general variable ¢.
JPP BLOCK DATA Indefoor”preSsure—Correction.
JRHO | BLOCK DATA Index for density.
JS1, BLOCK DATA Indices for first and last chemical
JS2 species in F-array.
JTEM BLOCK DATA Index for temperature.
JU, JV |BLOCK DATA Indices for u and v velocities.
'KASE ‘Indék denoting problem,
KGOTO lIndex used in a sukroutine argument list

3o
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NAME

LOCATION

TYPE

~ MEANING

KINPRI

KLT
KMAT
KNTCS

KOUNT

KRAD

KRHOMU
KSOLVE

KSWEEP

KTEST

BLOCK DATA
BLOCK DATA
SPECE
BLOCK DATA

MAIN

BLOCK DATA

~ CONST
BLOCK DATA

BLOCK DATA

BLOCK DATA

Array

Array

1=0, if no such print-out is required;

Control index for print-out of initially
assigned values of variabies in field,
=0, of no print-out of these needed;

=1, if print-out wanted.

Index to denote type of flow; i.e.
laminar (1) or turbulent (2).

IMAT + 1.

=0, chemical-~kinetics computations
suppressed;
=1, chemical-kinetics computations
‘ performed.

An array used to store for each TDMA lins
the maximum number of TDMA traverses made
this number being. LE. NTDMA. .

Control index for cartesian ox
cylindrical polar (axisymmetrical) coor-
dinates,

=1 for cartesian;

=2 for cylindrical polar.

=KSOLVE (JRHO) + KSOLVE (JEMU).

Control index to govern whether the variable
denoted by J requires updating in the numerical
process, J covering the whole range of variables
under the IMarray:

=Q, if not to be updated;
=1, if updating requived.

Number of sweeps after which chemical-
kinetics computations are started.

Control. index for diagnosing print out levels;
=1, prints out the following:geometrical quan-

tities related to the grid, variable information
initial values assigned in the field;

~
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NAME | LOCATION TYPE MEANING
=2 prints out those for 1 and the following -
starred velocities and velocity residual-sources
on the TDMA line, also quantities related to the
overall mass- continuity adjustment and the cell-
wise-continuity correction;
=3 prints out those for 2 and the coefficients
in the general fom of the finite-difference
equation for all the dependent variables.
LABPHI| - A variable for transferring the value of
‘ JPHI from one subroutine to another one
: that does not have JPHI as an argument.
LPHI o ‘ Index for general variable ¢.
LSWEEP| BLOCK DATA Maximum number of iterative sweeps to
be performed.
MODE, CALC Type of reaction.
NA - SPECE NS + 1.
NCD REACT Index used during input of thermo-
chemical data.
ND - REACT Index during computation of ID.
NLM - RBEACT Number of elements.
NS BLOCK DATA Number of chemical species.
NéEl BLOCK DATA Index for first equilibrium-product-
‘ species.
NSE2 BLOCK DATA Index for the last equilibrium-product-
species.
NSK BLOCK DATA Number of species whose concentrations
‘ are kinetically determined,
NSK1 cALC NSK + 1.
NSM REACT NS + 1,
NSOLVE| BLOCK DATA| Number of variable equations to be

solved,
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NAME

LOCATION

TYPE MEANING

NS1 MAIN } First and last species numbers for

NS2 MAIN computation of thermodynamic properties.

NTDMA IBLOCK DATA Maximum number of TDMA traverses along

» any one grid line.

NTMAX |BLOCK DATA Maximum number of iterations on

‘ : : temperature.

NTRAV MAIN The number of traverses being performed

. on a line at any sweep.

NUMCOL {BLOCK DATA Number of columns to be printed out.

NX BLOCK DATA Number of X-constant grid lines in the

. flow domain.

NXMAX BLOCK DATA Maximum number of X~constant grid lines

- : that can be used to cover the flow
domain without changing the dimensions
of the variable arrays.

NXM1 CONST =NX-1.

NXM2 CONST =NX-2.

NXYG CONST =NX * NY, is the total number of

: locations where scalar quantities other
than pressures are stored.

NXYP CONST =(NX-2)¥(NY-2), is the total number of

: locations where pressure values are
stored.  (Pressure values at flow
boundaries are not stored),

NXYU CONST =(NX-1)*NY, is the total numbexr of
locations where the X- component
velocity values, U, are stored.

NY BLOCK DATA . {Number of Y-constant grid lines in the

.......

f£low domain.

R R R
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- NAME LOCATION TYPE MEANING
NYMAX BLOCK DATA Maximum number of Y-constant grid lines
that can be used to cover the flow
domain without changing the dimensions
of the variable arrays.
NYM1 CONST =NY-1.
NYM2 CONST =NY=2,
OXB BLOCK DATA Oxygen mass-fraction in B-stream.
OXBRNT MAIN Oxygen mass-fraction in fully—burnt
: , gas.
0XC BLOCK DATA Oxygen mass-fraction in C-stream.
P,  MAIN Array | Pressure.
PA CHEM Pressure.
PDGSCN MAIN, Pressure + Gas constant.
' CHEM ﬁ S ‘
PEXP BLOCK DATA |Array | Exponent on pressure in ¢hemical-
equilibrium calculations.
PHAZ REACT Phase of species for which thermochemical
data is read. v
PHI CHEM Temporary storage for (£-£.,)/(1-£,,).
PP '~ COEFF Array Pressure-correction.
-PRB MAIN Mass fractions of (products +N2) in
' B-stream.
PRC MAIN Mass fractions of (products +N2) in
: C-stream, \
PREEXP | BLOCK DATA Arrhenius pre-exponential factor.
PREFF MAIN Array |Effective Prandtl/Schmidt number.
PRESS | BLOCK DATA Pressure.
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NAME

RHSMP

LOCATION} ‘TYPE MEANING
PRL BLOCK DATA| Array | Laminar Prandtl/Schmidt number.
PRT BLOCK DATA| Array | Turbulent Prandtl/Schmidt number,
R GEOM Array Radius.
RDXG GEOM Array | Reciprocal of DXG.
RDXU GEOM Array Reciprocal of DXU.
RDYG GEOM Array | Reciprocal of DYG.
RDYV GEOM Array iReciprocal of DYV.
RECTK CALC Reciprocal of TX.
RELAXP BLOCK DATA Under-relaxation factor for pressure.
REMI ~=1,0/EMIS2I-1.0.
REY WALL Reynolds number.
RY BLOCK DATA Radius of incoming fuel jet.
RFSTM MAIN 1.0/FSTOIM.
RHDIFF CHEM Reciprocal of (HMAX-HMIN),
RHO MAIN Array | Density.
RHOB MAIN Density of B-stream.
RHOC MAIN Density of C-stream.
| RHOINF { BLOCK DATA Density of surroundings.
| RHOP CALC Density. |
| RHOREF |  MAIN Reference density.
RHSM - | CALC Density + Molecular weight.
CALC
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BLOCK DATA}. .

NAME | LOCATION | TYPE MEANING“_‘
RHSMSQ CALC RHSM* square of density.
RHSQ CALC Square of density.
RPREFF COEFF | Reciprocal of Prandtl/Schmidt number.
RSLINE COEFF Array Algebraic sum of residual-sources at a
given line for a given variable.
RSCHEK| BLOCK DATA Convergence criterion for residuals at
; ‘ a line. ~
RSMAX COEFF Largest of the magnitudes of residual-
source sums of all the variables.
RSMW REACT Reciprocal of SMW.
RSREF - MAIN Array Nbrmalising factors for residual-errors.
'RSSUM COEFTF Array Sum of residual sources for a given
E _vmﬁﬂﬂ&
RSXG GEOM Array Reciprocal of SXG.
RSXU GEOM Array | Reciprocal of SXU.
RSYG GEOM Array | Reciprocal of SYG.
RSYV' GEOM Array | Reciprocal of SYV.
RV GEQOM Array | r—-coordinates of the v-nodes.
RVCB GEOM Array | r-coordinates of the v-cell.
RVSQ GEOM Arxray Square of RV. |
RVRS REACT Alphanuneric storage for 'REVE',
’R1 CALC Forward reaction rate.
‘ Rle BLOCK DATA Inner radius éf inner tube.
R10. : | Outer radius of inner tube.
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: NAME | LOCATION | TYPE MEANING
. R2 CALC Backward reaction rate.
) R21 BLOCK DATA Inner radius of outer tube.
R2M MAIN =0,5%(R2I+R20).
R20 BLOCK DATA Outer radius of outer tube.
S WALL, Shear stress coefficient.
' SOURCE '
SHALF WALL, Square root of S.
: SOURCE '
SHALF1 WALL, Square root of S.
‘ SOURCE :
SIGMA BLOCK DATA Stefan-Boltzmannconstant.
. SM REACT Reciprocal of mean molecular weight
_ ' of mixture.
SMW REACT Array |Molecular weight of species.
7 ‘ , :
- SP SOURCE Array |Part of linearised source term.
Srl CHEM STOICH + 1.0.
STOICH | BLOCK DATA Stoichiometric ratio.
STORE Array |(Used for temporarily stored quantities.
STX1I BLOCK DATA Stanton number at inner surface of end
wall.
STX() BLOCK DATA‘ Stanton number at outer surface of end
wall. '
ST11 BLOCK DATA Stanton' number at inner surface of inner
tube.
, ST10. BLOCK DATA ‘Staﬁton number at outer surface of inner
" ' : tube. » :
ST21 BLOCK DATA | . . . . . Stanton number at inner surface of outer
tube .
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NAME LOCATION TYPE MEANING
ST20 BLOCK DATA Stanton number at outer surface of oﬁter
SU SOURCE Array tlygft' of linearised source term.
SUMX REACT Sum of x's*.
SUMY REACT Sum of y'sx*,
SUM1 REACT Temporarily stored quantity.
SXG GEOM Array The x-direction length of a ¢-cell.
SXU GEOM Array ihe x~direction length of a u-cell.
SYG GEOM Array | The r-direction length of a ¢-cell.
SYV GEOM Array The r-direction length of a v-cell.
éo HCPS Array One—qtmOSphere, ideal gas entropy of
: ' species. ‘
Sl CHEM Array Species mole-numbers averaged over four
. neighbouring nodes.
S2 CHEM Array Species mole-number.
TACT REACT Array Activation temperature (E/R) for forward
: reaction.
TACT2 REACT Array Activation temperature (E/R) for back-
ward reaction.
TB BLOCK DATA Temperature of B-stream.
TC BLOCK DATA Temperature of C-stream.
TEM MAIN Array Absolute temperature.
TEN REACT Array Exponent on temperature in forward
g reaction rate expression.
TENLN REACT ¢n (10).

*x and y are used for temporary storage of some quantities in
subroutine REACT.

238

i SSyesibo RO TR T TN T

G e e e



...................

" NAME

LOCATION

TYPE | MEANING
TEN2 REACT Array Exponent on temperature in backward
: reaction rate expression.
THIRD REACT, Alphanumeric storage for 'M' (third
OUTPUT body in chemical reaction).
THRM REACT Alphanumeric storage for 'THER'.
TINY BLOCK DATA A small number.
TINYK BLOCK DATA{ A small number for chemlcal-klnetlcs
: ' . alculatlons.,
TITLE BLOCK DATA [Array Alphanumerlc storage to identify a
) ' : dependent variable.
TK CHEM Temperature.
TK1.. HCPS Temporarily stored quantities.
TKS -
TLN REACT &n (temperature).
TMAX BLOCK DATA Maximum temperature in the calculations.
TMIN BLOCK DATA Minimum temperature in the calculations.
™1  REACT Temporarily stored quantity.
T™M1 CALC R1 - R2.
T™2. . HCPS Temporarily stored quantities.
™5
TNY BLOCK DATA an (TINYK).
TST1 SPECE Temporarily stored quantity,
T1 SOURCE Temporarily stored quantity (=PREEXP*
- ~|PRESS**2),
Ti REACT Quantities used during input of
T2 thermochemlcal data

REACT

-------

................
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NAME | LOCATION | -TYPE } MEANING
U MAIN Array | Longitudinal velocity component.
UB BLOCK DATA Velocity of B-stream.
uc BLOCK DATA Velocity of C-stream.
_UINF |BLOCK DATA Free stream u-velocity.
A4 E MAIN | ?Array 3adial velocity component.
VINF BLOCK DATA ?ree stream v-velocity.
VMIX i MAIN Specific ﬁolume of mixture.
VOL ~ GEOM Array ?olume of a finite-difference cell.
WAREA | MAIN =0.5(R20**2 - R21**2).

WB © MAIN Reciprocal mglecular weight of B-stream,
we MAIN Reciprocal mdleculaf Weight of C-stream.
WMIX |BLOCK DATA Molecular weight of mixture.

X BLOCK DATA | Array | x-coordinates of the ¢-nodes.

X CALC jArray Correctionérin chemical-kinetics

~ calculations.,

XBAR " REACT Average value of X.

XMAX " REACT Maximum x-value.

XMIN REACT Minimum x value.

XU GEOM ﬁrray k-coordinates of the u-~nodes.
Y BLOCK DATA Array |r-coordinates of the ¢—nodes.
Y SPECE Array |Logarithms of species mole-numbers.
YBAR REACT ' Average value of Y.
240
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E :NAME LOCATIQN ‘TYPE , MEANING
i- i — ,
! YV GEOM Array | r-coordinates of the wv-nodes.
5 % REACT Array Coefficients for calculation of thermo-
chemical data.
ZK1I.. ~ HCPS ‘ Temporarily stored quantities.
2R8I .
. - , " — 2&1_



e ST = = S BERLN T R DT e TR TR R L T AT TR LT B B T T e e daad

APPENDIX D

' LISTING OF THE OUTPUT FROM THE NASCO II PROGRAM

Interpretation of the Output from NASCO II

In this section the details of th2 output supplied with this
report are provided to enable the reader to understand the
output,

The first item of print-out gives details of the problem
specifying parameters, and is self-explanatory.

The second item of print-out specifies the initial guessed
fields of the dependent variables. Each field variable ¢ is
given in a table of the following form:

y locations of
grid for which
value is printed

l

x locations of
grid for which —_—

value is printed
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This item of printout is repeated at every IPRINT iterative sweeps;
odd-numbered sweeps refer to sweeps in the positive-x direction
and even numbered sweeps to sweeps in the negative-x direction.

The third item of print-out gives details of the residuals along
lines for the dependent variables, and also the sums of the
absolute values of these residuals for the whole field.

The residuals are normalised over-all balance guantities,
departures of which from zero give information about the extent
to which errors in the finite-difference equations remain to
be eliminated. For details the reader is advised to refer to
Appendix D of Reference 1.

The fouxrth item of printout gives the values of the de- .adent
variables at a particular monitoring location; in the present
output at the node (3,3).
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FLOW CUNDITIONS

P T
—_— e ERNREERERIREEEE

TURBULENTs KLT=2

CHEMICALLY REACTINGe INERT=2

GEOMETRY

RE R11 R10 R21 R20
1.00E=03 3,00E-03 3.50E-03 9,00E-03 1,05£~02
EL1 EL2
2,00£-01 1,00E-02
INLET CONDITIONS
FLOW RATE OF FUELs EMF 1e4G5E=-05
FLOW RATE OF AIRs EMA 3.600E-04
VELOCITY OF FUEL STRLAM: UB 34176E+00
VELUCITY OF AIR STREAMy UC Se677E+00
TEMPERATURE OF FUEL STREAM. TB 24750E+02
TEMPERATURE OF AIR STREAMs TC 2.750E+02
INUET PRESSURE, PRESS ~2+000E+05
REYNOLDS NUMBER 44409E+03
OVERALL EQUIVALENCE KATIO: EWRAT  6e705£-01
TOTAL MASS FLOW RATE+ FLOWIN 5.952€£-05
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 POLYNOMLIAL COEFFICIENTS FOR THERMODYNAMIC PROPERTIES,

14 COEFFICIENTS ((Z(KeJeI)oed=1e7)sK=1e2) FOR EACH SPECIES

1.749€-01
3.176E-01
4,0USE+03

NO
1.063E£-01
2,248E-01
3. 248E+02

NO2
1.005£-01
2.496E=-02
6.,119E+01

N20
1,075g~01
«3.897E-02
1.990E+02

N2 i
1,034g-01
2.1998‘01

=3,788E+01

CCHY !
Ce 9 ,36TE~CR

-6 324E+02

02
1,132g<01
1.130E-01
=3.2THE+OL

T+612E-06
1.787€-01
2+975E=-01

4460E-05

l+348E-01
94990E-02

5.491E~05
T.519€-02

1.807€-01

6e420E-05
5.950E-02
2.096E=01

S+410E-05
1.312€E~-01
8.,418€£=-02

6, 493E-04
2.,385E-01
SsH404E~-02

24301E~05
1.133€-01
1e345E-01

‘5.350E"09
=-1.556E-06

-1:763E-08
-1.139E-04

«2,306E~08
4.48BE=-05

~2.626E-08
IQSG“E'OQ

=2.043E-08
~4.313E-05

=2 H42E-07

-2.,480E-04

=6+.142E-09
«5.870E-05

1s342g-12
3.870E-09

3.197€-12
24660E-07

4,321F=12
1.453E-07

4.831g-12
~1,548E-07

3.,563E~-12
8.296E-08

4,225c-11

1.131g-12
2.205€=-07

~7.325€-17
-4,032E-12

~2.161E-16
=2.,038E=-10

-3.,000E=16
=2,077E=-210

-3,309€-16
5.,061E~11

'2.3285‘16
~2.,257E-11

=2.T60E~15
'1.“‘75'09

=9.046E-17
“2.114E=-10

I.

4.006E+03
1.499E-15

3.275E+02
Se305E~14

H$978E401
T+868E=14

1.854E402
«1¢832E-15

=3234E+02
=8+059E<15

“6¢220E402
44340E-13

=3.756E+01
6.736E=14



Co

1.065E=-01 Se316E~05 =2,06TE=-08 3.,700E-12 =2,476E-16 =5.086E+02
2.266F-01 14325€-01 =B5.780E=05 1.318E=07 ~T.254E=11 8.552E=1%
=5,125E+02 1.055C~01
co2
Lo0IHE=01  T.040E=05 =2.816E-08 5,167£-12 =3,528E-16 «1.,113E+403
«2,201E=02 H.U4SS5E=02 1+985E~04 =1,501E=07" U.549E=11 1.430E-17
=1,099E+03  2.,203E-01
H
2,480E+00 0.,000E+00 0.000E+00 O0.000c+00. 0.000E400 2.527E+04
U ¢565L =01  2.480F+00  V.O000E+00 UV.000g+00 0.000E4+00 0.000E+00
2.52TE+0H =4+565E=01
H2
1.538E+00 2.536E-04 2.611E-08 =1.7328=11 1.833E-15 =-4.352E+02
wFTITE=DY1  1.D1TE400 1,328E-03 «2,882E=06 2.739E=09 ~8.990E~13
-“.905c*02 ~1s141E400
H20 ) )
1.508E=01 1¢635E~04 «H4,453E-08 5+67TTE=12 =2+691E-16 <1.660E+03
3.681E=01  2,259E=01 =6.153E«05  2,3085E=07 -1,645E-10 He480E=14
=1 ,601E+03 -1,791E-02
(VI .
10589E=01 «1¢722E=06 =1¢939E=10 2.845E=13 =2.730E=17  1.827E+03
3,075E=01 1.849E=01 =1,024E=04 1.9513€~0T7 -1.002E-10 2+432€-14
1.822E+03  1+853E=-01
OH .
1.711E=01 " Se641E=05 =1+143E~08 B.089E~-13 8.364E=18 2.314E+02
3.200E-01 24256E=-01 ~6,33BE=05 5,6936-08 1.100E-11 -1.327E-14
2.14%1E+02 2,903E-02

ORIGINAL PAGE It
OF POOR QUALITY

247



N + NO

N + 02

OH + N

H + N20
nN20 + O
N2O  #+ +
N + 0 +
HO2 .+ O

NO2 + g

M

N2
NO
H

OoH
NG
N2
NO
NO
0

M
M

RATE CONSTANT PARAMETERS:
T = AsT#*B*EXP(-TACT/T)

1.

L
G
Se
6o
T
8e
Fe

FIEL
vl
Y

i A B
Yt
Yt
Yl
Yl
Yt
Yt
Yt

RATE CONSTAN

A
1.500E+10
5.998E+06
5.,998E+08
74998E+10
1.000E+11
1.000E+11
6e397E+10 =
1.000E+10

1.099E+13

NX
10

NTOMA LS
3

D’ VALUES OF
0)=9,000€E~-03
9)=8.,000E-03
8)=6.750E£-03
T)=4.750E-03

6)=3.750E-03

5)=3.250E-03
4)=2.750E=-03
3)=1.500E-03
2)=5.000E-04
1)=0.000c+00

Xu(Ix)y

FORWARD RAT

B
0,000E400
1,000E+00
5.000E-01
0.000E400

‘04000E400

0,000E£+00
5.000E-01
0.000E+00
0,000E+00

NY  NX
10

WEEP RSC
150 1.U00E

U _____
0,00E+00D
=4 .,06E+00
-4 ,06E+00
=4 ,06E+00
-4 ,06E+00
0.(0E+00
S.68E+00
5.68E+00
3.18E+00
3,18E+00

1= 0,000

F O O G

Z2C oczzZzZoC
on, omo

+  + 4

zZ ==

£

TACT
0.000E+00
3.172E403
4,028E403
7,553E+03
1.500E+04
2.518E+04
0,000E+00
3.,000E+02
3.300E+04

A
6.753E+10
5.857€409
1.102€+11
3.842E+409
2,895€+409
2.678E+06
4,600E+12
3.186E+409
1.532€+408

MAX NYMAX

25

20

HEK CCHECK
=02 5,00E-03

0.00E+00
4 o 06E+00
-4 ,06E400
-4 ,06E+00
-4 ,06E+00
0.00E+00
S5.68E400
$.68E+400
3.18€+400
3.18E+00

2= 0,050

0.00E+00
“4.06E+G0
~4,06E+400
=4 .06E400
“4406E+00
0.00E+00
S«68E+00
S+68E+00
3.18E+00
3.18E+00

3= 0,095

(T=TEMPERATURE)

BACKWARD

B
0,000E+00
0.00UE+0O
0.000E4+00
U,000E+00
U.000E+00
0,000E+400
0,000E+00
0.000E+00
0,000£400

RATE

TACT

3.786E+04
2,08T7E+04
2.898540“
4.,04TE+04
3.422E+04
6.573E403
T.488E+04%
2,393E+04
«2,950E+03

TR L L L T P T X P

0+00E4+00
~4.06E+00
=4,06E+00
-4.,06E+00
=4.06E+00
0.00E+00
5.68E+00
5.68E+400
3,18E+00
3,18E400

4= 0,145

0.00€+00
~4+06E400
~4+06E4+00
“4+06E+400
~4.06E+00
0.00E400
S5«68E400
5+68E400
3.18E+00
3.18E+00

5= 04179

0,00€E+00
-4,06E+400
~4.06E+400
-4.,06E400
-4.,06E+00
0.00€+400
5.68E+00
S5.68BE+00
3.18€+400
3,18E400

6= 0,192

0.00E+0D
-4.06E+00
~4+06E+00
~4.06E+00
-4.06E4+00
0.00E+00
S5+68E400
Se6BE+00
3+18E+00
3+18E400

7= 0.200

0.00E+00
-4 ,06E+00
-4,06E+00
=4 ,06E+00
-4,06E+00
0.,00E+00
5.68E+00
S.68E400
3.18E+400
3.1B€E+00

8= 0,205

0.00E+00
0.005&00L
0.00E400
0.00E+00
0.00E+00
0.,00E+0CO
0.,00E+00
0.00E4+00
0,00E400
0.00E+00

9= 0,210




6v%

FIELD VALUES OF

TS
Tve
TY(
e
e
Yyi

VL.

v
i

9129, 008E-02
BY=7+375E-03
73=5,758E-03
£§=8,250E-0%
53=3 5U0E-03
$)=3.600E-03
2322.125E-03

11=80B0Esn0

CRLIEY ol

FIELD YALUES OF ENTH

Y(10)=9.000C=-03

14
Y
b4
YL
R4 1
e
e
£
A4

931=8.000E-03
8)=64750E=-03
T5=9+750E-03
6)=3.750E~03
5)=3.250E-03

5y=2.730E-03

3§=1.500E-03
2)y=5.000E~-04
1y=0.,000E4+00

X(1xs

FIELD VALUES
Y{10)=9300E-03

\{
i
M
1
i
e
0
Yo
4

FIELD VALUES OF FUEL

9)=8.,000E-03
B)=64750E-03
7y=4%+750E-63
£¥=3.7506~-03
5)=3+250E-03
¥)=24750E-03
23=1+.500E-03
2123, 60004
1)=0.300E200

XC1x3

Y{10)=9+000E-02

Yy
R 21
Y

9¥=28.000E-03
BY=6+750E-03
T3=% ¢ 750E=03

| 61=3.,750E~03

5323 .250E~03

¥J=2+T50E<03

31=1+500L~03
Zi=5. 000K ~0%
1y=0000E+00

XXy

«QUOE-03

v
e OCE+D0O
G.O0E+00
0.00E400

. DeOLESQT
G. GDE4DH
0.00E+0D
0., 00E+00
0,00E400
0. 00E400

1= 0,060

O.DUES00
0+00p400
0.058400
0.00E400

0.00€E400 .

0.00E400
0.000400
0.00E500
G.00E400

2= 0,030

0<00E+B0
De0UESOD
0. 00C+00
04068400
De00E+00
8.00F+80
Cs 0OE$00
DnBE400
B 00C400

3= g.070

L Z2.TSESTZ
=1.99E405
~1.95E405
=1.99E405
~1.99E405

2.75E402
~2+34E404%

-2, 356404

=8,7ZE406
-8 ,72E406

1= 8.000

2.7350402
=1+99E405
~1+93E405
=1.99E40%
~1e99E 405

2.75E402
~235E40Y
~2e34E40Y
-4.72e406
“8.,72L406

é= 0,030

2+75E402
=1+99E485
=1+.93F40%
“1+99E405
~1s99E4+05
Z+75E402
~2+28E404%
~2+3%F 400
~§+T2E+06
~4eT2E4086

3= 8,070

—— FH

Fr
3,74E-02
3.74E~02
3,74E+02
3, 74E=02
3.74E~02
0+00E400
0.0CE400
6.+00E460
1.80E+480
1.00E+00

1= U.000

3.78E~02
3.75E-02
3.T8E~NZ
3. T4E-02
3.74€E-02
0.00E400
G.00E400
0.00E400
1.00E400
1+00£400

2= 0,030

3+7KE-02
3 T4E-02
3.79E<-02
3+75F=02
3¢T4E-02
BeGOE+CD
0« 00E+00
O+00E4T0
1.00E400
1.00E4+00

3= g,070

1.00E~10
1.00E-10
1.00E~-10
1,00E-10
1,00E-10
U.06E40U0
G.,O00E400
0.00E+UG
1.0CE+QQ
1.00E400

i= 0.00U0

1,00E-10
1.00E-10
1,006~10
1.08E-10
1,006-10
0.00E400
0.00E400
0.00E400
I1.00E400
1.00E+00

2= 0,030

1+00E~10
1.00E-10
1.00E~-10
1.00E~10
1.00E~10
0.00F+400
0«00E400
Os00E400
1+00E+00
1.00£+00

3= g.070

«=eEHTYIE

O 00E40D
O.00E400
Ge00ESCD
0.00Es00
0.00E400
0,00E400
0.00Es0G0
O.00E+08
D.00E400

8= 0,120

0+00E+00
G+00E+00
G.00E400
U GOE4CH
G« COESCD
C.00E400
B«00E+DC
0.00E400
0.00E+00

5= 4,178

2.75E402
~1.99E405
=1.95E405
«1+99E405
~1.99E40%
2.75E302
-2+3%E404
~2+35E435
~H,T2ESE
=B TZE406

4= D120

2+75E402
~1e99E+05
~1s25E40%
~1+99E4065
=le99E40%

2+75€402
~2s24E404
~2+34T408
~%+s72E406
~4+T2E406

5= 48,170

.
Y emeicecmcccsc e

0.00E400
Uo00E+00
G. 00400
0.00E+GO
D 0CE400
0.00E460
C.00EsGO
0.00E40G0
Gs00E$00

€= 0,188

———

2.75E402
~1+.99E405
~1.93E40S
~1.99E405
~1e99E4CS

2.75E402
~Z434E4DN
=2.39E408
~8,72F406
~4.726406

&= 0,188

3.,74E-02
374E-02
SeT4E=02
3.74E-02
BeT74E~02
0+00E+400
0.00E400
0.00E400
1.00E400
1.00E480

4= 0,120

1,00E-10
1.,00E«10
1.00E-10
1.060E-10
1.00E-10
0.00E+GD
O 00E4+00
0.00E+00
1.00E400
1.00E400

4= g4.120

Z+THE~D2
JTHE-O2
IsTHE~O2
3.753E-02
3e74E-02
Q-00E400
0.U0E+00
. 0+05E400
1+0CE+006
1+60E400

5= G170

1.00E-15
1.00E-1C
1.80£-10
1.,00E-10
1+00E-10
0s00E+00
G+DDESDD
J«30E+00
Le0CE+00

TeloEFGE

5= 0170

3.74E-02
2. T7HE-D2
3.7%E~02
3.7%E~02
B TY4E-02
0.00E400
0+00E+00
0.00E400
1.00E400
1.00F4060

6= 0.188

FUELammaroncrencean e

1,p0E~10
1.00E-10
1.00E~10
1+00E~10
1.00E-10
0.00E400
D4 0TTS00
0,00€E+00
1+.00E400
1+00E+400

6= 0.188

0.00E400
0+.00E400
G+GOE+00
0.,00E%060
G.00E400
CeO0E+OD
Qs 00E400
O«0G0E400
GeBOE4DD

7= 0,137

2+ 75E402
~1s93E505
~1.99E40%
=~1.59E405
~1.99E40%
2+75E+02
~2+38E404
~2e34E40Y
~%s72E406
-4eJ2E408

7= 0197

Ze78E-02
3.74E-02
3473E~02
3.70E~G2
3.74E=02
0.00E400
0.00E400
0.00E400
1.00E400
1-00E408

7= 0+197

1+00E~10
1.,00C~10
1.00E~13

140E=-10 -

3iB0E~10
G+ 00E500
0s00E400
0.00E+00D
1.00E+00
1+.00E400

7= G+197

0.,U0ESD0
193400
1.22E400
4,61F-01
0.00E400
p.,00E400
0.08e400
0.00E400
0. 08E+00

E= 0,202

2.75€402
“1499E405

~1+99€+85

=1.93E40%
=1+99E408%

2.75E402
~2+34E40%
~2.349E40%
~4.TZE+06
~4,72E406

8= 04202

3.75E-02
3.75E-02
Z.THE-02
3.7T4E-82
3.7%E-02
G«D0E+GD
0.00E400
0.00E400
1.00E400
1.00E400

8= §.202

3.74E~D2
3+ T4E-02
3.T4E-02
3.74E~02
3.74E-02
0.00E400
0.00E400
G.00E+00
1.00E400
1.00E400

8= 0,202

w
8

G.0GE+0n
~1.66E408
~6e25F=01

SeB8E~01

1.39€40n

1:.57E40n
1+02E40n
3.18€-09
0.00E40n

9z G.207

2275E40>
*1.99E408
=1+99E40%
=1:99E40%
«1+99€+0

2¢75E402
~2e34E408
=2+38€404
~%.T2E404
~4.T2E40K

9= 0,507

3.74E-0>
378E-02
3.7%€-0
3.75€-0>
3.78E-0>
G.G0Es0p
0.00€40n
0.00E+00
1.00E400
1.00E40p

9= 0.207

3.78E-0>
3.74£-0>
3.78E-0>
3.,T%E=0>
3+ T4E-0>
C+UO0E+On
0.00:000
0.00E4+00
1.00E40p
1.00E40n

9= 0,007

0.00E400
0,00E+00
0.0GE+0D
U.00E400
G 0GESOC
C.00UESQD
G.00ESCD
0. 00ESGO
0. 00E®00

10= 0,210

2.75E402
2.75€4p2
2.75£402
2. 73402
275452
2. 15E+0Z
2.75e+02
2,735E402
2.75g402
2.73E402

10=x 8,210

O+00E4GD
G.00E+00
G.008400
0.,00E+00
0.00E400
0.,00£400
0.,00£400
0.00E+00
0.00£400
0.00E+G0

10= 0,210

0.6G0E+00
0.,00£+00
0.00£400
0.00g+00
0.60E400
0.0GESES
0.00E+G0
0.00E£480
0.00£+400
0.00E+00

10= 0,210

XLITVOD W00d d0

HVd TVNIDIHO

g1

R




0ce

FIELU VALUES OF
Y(10)=9,n00E~-03

9)=84000E~-03
8)=64750E~03
T)=4.750E-03
61=34750E=03
§)=34250E-03
4)=2,750E-03
3)=1.,500E~03
2)=5.000E-04
1)=0.000E+00

X{IX)

FIELD VALUES OF
Y(10)=9.000E-03

9)=8.000E-03
8)=64750E-03
T)=4.750E-03
6)=3.,750E-03
5)=3.250E-03
4)=2,750E-03
3)=1.500E-03
2)=5,000E-04
1)1=0,000E+00

X{1IX)

FIELD VALUES OF
Y{10)=9.000E-03

9)=8.000E-03
. B)=6.750E-03
71=44750E-03
6)=3,750E-0n3
5)=3.250E=p3
4)=2.750E-03
3)=1.500E-03
~2)=5.000E~04
1)=0.000E+00

xX¢1x)

No2

wmmeeeececceccemreacis N mecieceeccemeiencedeee

0.00E+00 0.00E+00 0.00E+0Q
0.00E400 0.00E+00 0.00E+00
0+00E+00  0,00E+00 0.00E400
0.00E+00 0.00E+400 0.D0E+00
0.U0E+00 - 0.O0E+00  0.00F+00
0.00E+00 0,00£400 De00E+0D
0.00E+00 1,00E-20 1.p0E-20

-0+00E400 1.00C0-20° 1.00E~20

0408E+00 1.00E<20 1.00E-20
0.00E+400  1.00£-20 1.00E-20

= 0,000 2= 0,030 3= 0,070

R b T SRRSO 1)
0+00E+U0  0,00E+00 0.00E+00
0.,00E400. 0.00E+00 0.00E+00
0.,00E+00 0,00E+00 0,00F+00
0,00E400 0.00E+400 0+.00F+00
0.00E+00 0.00E400 0.,00€E+00
0.00E400 0,00E+00 0.00E+00
G.00E+00 '1,00E-15 1,00F-15
0.,00E+60 1,00E-15 1,00E-15
0+00E+00 '1,00E-15 1,00E-15
0.00E4+00 1,00E-15 1,00E~15

i= 0.000 2= 0,030 3= p,070

0.00E400 O0.00E+00 D.00E+00
0.00E+00 DJ.00E+00 0+.00E+00
0.00E+00 0,00E400 ©0.00E+80
0.0CE+00 0,00£400 0+00E+0Q
0.00E+400 0.00E+00 O0+00E+00
0.00E+00 O0.0CE+00 0.00E+00
0.,00E+00 1,00E-20 1+00€-20
0.G0E+00 1.00E-20 1.00E-20
0.00E+00 1.00E-20 1.00E-20
0,00E+00 1,00E-20 1.,006-20

1= 0,000 2= 0,030 3= p,070

4= 0,120 5= 0,170 6= 0,188

0.00E400 0.00E+00 0.00E+90

eecerecnccccnrsmecnnee N)2ammcecrecac s — e

0.00E400 0.00E+400

0.00E+00 0.00£400
0+.00€E+400  0.00€+400

1.0CE-20
1+00E~20
1.00E-20
1.00E-20
1.00E-20
0.00E+00
0.00E400
0.00E+00
0.00E+00
0«00E+00

7= 0.197

1+00E=15
1+ 00E-15
1+00E-15

“"1e00E=1S

1+00E=15
0.00E+00
0.00E400
0+«00E+00
0«00E+00
0« 00E+00

7= 0197

1.00E~20
1.00E~20
1.00E=-20
1.00E~-20
1.00E-20
0,G0E+00
0.00E+00
0+00E+00
0.00E+00
0.90E+00

7= 0.197

0.00£+00
0.00€+00
0.,00€+00
0.00E+00
0,00E+00
0.00E+00
0.00€E+00
0.,00E+00
0.00E400
0.00E+00

8= 0,202

0.00E+00
0,00E+00
0.00E4+00
0.00E4+00
0.,00E+00
0.00E+00
0.00E+00
0.00€400
0.00€+00
0.00E+00

a= g,202

0.,00E+00
0.00E+400
0.00E+00
0.00E400
0.00E400
0.00E+00
0.00€+00
0.00E+00
0.00€+00
0.00E+00

8= 0,202

0.00E+00
0.0CE+0n
0.00E400
0. U0E+On
0.00E+0n
0.00€+0n
0.00E+0n
0.00E4+00
0.00E400
0.00E400

9= 0.207

0.,00E+0n
0,00E400
0.00E4+00
0.00E400
0.00E+00
0,00E+0n
0.00E4+00
0.00E40n
0.00E+0D
D.00E4+00

9= 0,207

0+00E4+00
0.00E40n
0.00E40n
0.00E4+00
C.00E+00
0.00E+0n
0.00E+00
0.00E+0n
G.00E+0n
0.00E+00

9= 0,207

0,00£+00
0.00E+00
0,00£+00
0.00c+00
0.00E+00
0.00£+00
0.00£+00
0.00E+00
0:00E+400
0.00E+00

10= 0,210

0.00+00
0.00€+00
0.00E+00
0.00E+400
0.00E+00
0.00g+0U
0.00g+00
0.00E+00
0.00E400
0.00E+00

10= 0,230

0.00g+0Q0
0.00£+00
0.00£+00
0.,00€+00
0.00E+00C
0,00E+00
0.00g+00
0.00E+00
0.00£+00
0.00E+00

10= 0,210

i
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TS¢

F1ELD VALUES OF
¥410)=9.000E-03

14!
L
Yt
Tyt

R

Yt
AL
Yt
vt

9)=8,008E~-03
8)=6.750E-03
71=4%.750E-03
6)=3.750E=03
5)=3.250E-03
4)=2.750E-03
3)=1.500E-0n3
2)=5.000E-04
1)=0+500E+00

X(IX)

FIELD VALUES OF
Y110)29.000E-03

Tt
hA !
¢
A4S
A4
T
Y
A4
e

9)=8.000E~-D03
8)=6.750E~-03
71=4.750E-03
6)=3,750E-03
5)=3.250E-03
4)=2,750E-03
3)=1.500E=-03
2)=5.,000E-04
1)=0.000E+0C

X(Ix}

FIELD VALUES OF
Y(10)=9.000€-03

9)=8.000E-03
8)=6.750E~-03
71=4%.750E~03
61=3.750E~03
5)=3+250E-03

“4)=2+750E-03

31=1.500E~03
2)=5.000E~-0Y%
1)=0.000E+00

X{IX)

H2Q eememeercercncreeaa.
(.00E400 O0.00E4+00 0.00E+4U0  0.,Q0E400
0+00E400 0,000400 0.00E400 0.00E40D
0.00E+00 U0.000+400 O0J.00E+400 0.00E+00
0+00E+00 "0.N0E+4+00 ©0.00E+400 0.00E+00
0eO0E4U0 O0.00E400 0.006400 0,00E+00
0.00E400 O0.00E400 0.00E400 U.OBE+QU
0.00E40U0 1.,00E<20 . 1.00F-20 0.00E400
N.00E400 1.00E-20 1,p00£-20 0+00E+00
0.00E400 1.,00£+20 1,00€E-20 §.00E400
0.00E+00 1.00E=20 1.00E-20 O0.00E+00
1= 0.000 2= 0,030 3= 0,070 4= 0.120

L LR TP o
7.39E=01  7,39E-01 7,39£-01 7,39E-01
739E-01 7.,39£-01 7.39E-01 7.39E-01
7.39E-01  7.39E-01 7.,39E-01 7.39E-01
7+39E~01 7.,39€-01 7.,39E-01 7.39E-01
Te39E-01 T7.39E-01 T7.39E-01 7.39E-01
0.00E+00 0.00C+00 OC.00E+400 Q.00E+00
7.68E-01 7.68£-01 7.6BE-01 7,68E-01
7.68E-01 7.68E-01 7.68E-01 7,68E-01
0,00E+Q0 0,00E+400 ' D.0RE400 0.00E400
0.00E400 0,00E400 0.006400 0.00E+DD
1= 0,000 2= 0,030 3= 0,070 4= §.120

F  eecorcmecoccans rm—m——
1,00E-10 1,006-10 1.006-10 1,00E-10
1.,00E~10 1,00E~-10 1.00E-10 1,00E-10
1.00E-10 1,00€-10 1.00E-10 1,00E-10
1.,00E=10 1,00E-10 1,00E=10 1.00E-10
1.00E-10 1,00E-10 1.00£-10 1,00E-10
0.,00E400 0.00E+00 0.00E+400 0,00E+00
0.00E+400  0.00E400 De«GOE4D0 0.00E+00
0,00E400 0.00E400 0.00E+08 4.00E+00
1.00£400 1.00E400 1.00E400 1.00E+00
1.00E400 1.00E400 1.00E+400  1.00E400
1= 0.000 2= 0,030 3= 0,070 4= 0,120

0.00E+0D
0+00E+00
0.00E+00
0.0NE4+00
0.00E400
0+.00E400
0.00E+00
0.00E40D
0.00E400
0+.00E+00

ST 0.170

T+39E-01
T+39E=-01
T+39E-01
T+39E-01
7.39E-01
0+00E400
T+68E-01
T+68E£-01
0.00E4+00
0.00E400

5= 04170

1.00E~10
1.00E-10
1.00E-10
1.00E~10
1.00E-10
0:00E+00
0.00£400
D.00E+00
1.00E400
1.00E+0Q

5= 0.170

H20eowaas cememccn LT PR

0.60E408
0.,00E400
0.00£+400
0,00E+00
0.00E400
0,00E400
0,00E400
0.80E4'J0
0,00E400
0.,00£400

6= 0,188

7. 39€-01
7.39£-01
T+39E=01
S 1e39E-01
7¢39€-01
Q9.00E400
T.68E-01
7.68E~01
0.00E+400
0.00E+00

6= 0,188

F eomaememeacca ceccncmaca

1.00£-10
1.00e-10
1.00e-10
1.00g-10
1,00E~10
0.00E+00
0.00E+00
0.00£400
1.00€E400
1.00E400

6= 0.188

1.00E-20

1.n0E=-20

1.00E-20
1+00E-20
1.00E=20
0+00E+400
O0«D0E+O0
0«00E40D
Cen0E+00
0.00E+0D0D

7= 0.197

7+39E~-01
7+39E-01
7.39E-01
7+39E-01
T+3%E-01
0.00E400
T+68E-01
T+68E-01
0+00E+00
C.00E+00

7= 04197

1.00E-10
1,00E-10
1.00E-10
1.00E-10
1,00E-10
0.00E+400
G.00E+TCO
0.00E400
1.00E+400
1.00E400

7= 0.197

0.08E+400
0.00E+00
0.00E400
0.00E400
0.00E+00
0.,00E400
0.00E400
0.00E+00
0.00E400
C.00£400

8= 0,202

T.39E-01
7.39E-01
T+39E-01
T.39E-01
7.39E-01
0.00E+00
T.68E~-01
T.68E-01
0.00E+00
0.00E+08

8= 0.202

3.74E-02
3.T4E-02
3.T4E-02
3.74E-02
3.74E-02
0.00E400
0.,00€+00
0.,00E400
1.00€400
1.00£E400

8= 0,202

0,00E+0n
0.0084+00
0.00E0n
0.00€400
0.00E4+0n
0.00E+00
0.00E+0n
0.00E+CD
0.00E4+0n
0.00E4+00

9= 0.207

T+3%E-01
Te39E=01
Te39E-01

T39E0y

T7.39€-03
0.00E+0pn
7.68E-01
7+68E-01
0.00E+0n
0.00E+0n

9= 0507

3.74E-02
3.74E-0o
3.T4E-0>
3.74E-0>
3.74E-0>
0.00E4+00
0+00E+00
0+00E+On
1.00E+00
1.00E+00

9z 04207

0.00€400
0.00E+00
0.G0E+00
0.00€400
0.00E+00
0.00E+00
0,00E400
0.00E+00
0.,00E400
0.,00E¢00

10= 0,210

0,00E+00
0,00E+00
0.00€+00
0.00E+00
0.,00E400

0.00E400

0,00€+400
0.00E+00
0.00€400
0.00E400

10= 0,210

0.00€¢00
0,00F+00
0.,00E400
0.00E400
0.,00E+00
0.00E400
0.00E+00
0.00E+00
0.00E+00
0.00E+00

10= 0,210
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¢sa

F1ELD VALUES OF 02

Y(10)=9,000E-03

¥
Tt
Yy
i
Y
Y
Y(
Yt
Y

9)=8,000C=03
B)=6.750E-03
T)=4.750E=-03
6)=3.750E-03
51=3.250E£-03
4)1=2.750E=03
31=1.500E-03
2)=5.000E~-04
1)=0.300E400

XIx)

FIELD VALUES oF
Y(10)=9.000E~03

12!
v
1
\
Y
'
¥
Y
\

9)=8.000E-03
8)=6.750E-03
T)=4.750E~03
6)=3.750E~p3
5)=3.250E-03
4)=2,750E-03
3¥=1.500E-03
2)=5.000E-04
1y=0,000E+00

X(IX)

FIELD VALUES OF
Y(10)=9.n00E~-03

i
Yt
i
A
Y
Yt
Y(
Y
Yt

9)=8.000E~03
8)56,750E-03
7)=4.750E-03
6)=3,750E=-n3
5)=3.250E-n3
4)=2.750E-n3
3)=1,500E-03
2)=3.000E~0Y
1)=0.000E400

X¢Ix)

ammcetecccmn e —— (2

T.56E-02 7,.36L-02 7.36F-02 7.36E-02 7.36E-02 7.36E-02
7+36E-02 7,26E-02 7.,36E-02 7,36E-02 7.36E-02 7,36E~02
T¢36E-02 7,36E-02 7.36E-02 7.36E-02 7.36E=02 7T.36E-02
Te36E-02 7,36£-02 7.36E-02 7.36E-02 7T.36E~02 7T 36E-02
Te36E-02" 7,36F~02 7.36E-02 7,36E02 7.36E-~02 7.36E-02
0.00E+00 0.00€400 - 0.00E+00 0.00E+00 ©.00E+00 0,00E+00
2,32E-01  2.320-01 2¢32E-01 2.32E-01 2.32E-01 2,32E-01
2032E-01 2,326-01 2432E-01 2,32E<01 2.32E-01 2.32E-01
N.00E+00 O0.00E+00 0e00E+00 0.00E4+00- 0.00F+00 0,00E+00
0.00E+00 0.,00C+00 0.00E+00 0.00E4+00 O0.00E+00 0.00E+00
1= 0,000 2= 0,030 = 0,070 = 0.120 S= 0,170 6= 0,188
co mesemeecac e bt M R L R
0.00E+D 0.09E400 04000400 0.00E4+00 0.0DE400 0,00E+00
0400E+00 . 0.00E+00 0+00E400 0.00E+00 0.00E+00 06.00E+00
0,00E+00 0.00E+00 0.00E+00 0.00E«00 0.00E+00 0,00E+00
0.00E+00 0,00E+00 0.00E+00 Q.0CE+00 O0.00E+00 0.00F+00
0.00E+00. 0.00E+00 0.00E+00 Q.00E+00 0.00E400 D.00E+00
0.00E+400 0L 00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00
N O0E+00  0.00E400 0.00E+00 O0.00E+00 0.00E400 0.00FE+00
0,00E+00° G.00E400 0.00E+00 0.00E400 0.00E+80 0.00E+00
0.00E+00° ©0,00E+00 O0J00E+400 0.00E400 0.00E+00 0,G0E+0Q
0.,00E+00 0.00E+00 0.00E+00 0.00E400 0.00E+00 0,00E+400
1= 0,000 2= 0,030 3= 0,070 4= 0,120 S= 9,170 6= 0.188
€02 =—-e-cccccmccnrccaconae C02cncacmcccncaradaconaas
Ne00E+UU 0,00E400 0o.00E+00 0.00E+00 0.00£400 0.00F+00
0.00E+00  0.00E+00 Q.00E+00 O0.D0E4+00 0.00E+00 O0.00E+00
0,00E+00 ©0.00E400 0.00E+00 O0.00E+00 0.00E+06 0,00E+00
0.00E+00 0,00E+00 Q.00E+00 0,00E400 Q.00E+G0 0.00E+00
0e00E+00 0,00E+00 0.00E+00 0,00E400 0.00E+00 0,00E+00
0.00E+00 0.00E+00 O0.00E400 O0.00E+00 O0.00E400 O0.00E+00
U0.00E+0U. 0.00E+00 Q.00E+00 0.NBE+00 0.00E+00 0.00E+00
0.,002400 0,00£400 0.00E400 0,50E400 0.00E¢00 0,00E+00
0.00E4+00 0,00E+00 0.00E+00 0.00E4+00 0.00E400 0.00E+00
0,00E+00 0,00E400 04006400 0.00E400 0.00E400 0,00E+00
1= 0.000 2= 0,030 3= 0,070 4= 0,120 5= g,170 6= 0,188

Te36E~02
Te36E-02
Te36E=02
T+36E~02
T+36E-02
0.00E400
2432E-01
2.32E~01
0.00E+C0
0.00E400

7= 0197

0. 00E+Q0O
0+00E+00
0+ 00E+00
0.00E+00
0+00E+00
0+00E+00
0«00E+00
D+00E+00
0.00E+00
0+00E+00

7= 04197

0.00E400
0+.00E+00
0.00E+00
0+.00E+00
0.00E+00
0.00E+00
0.00E+00
0+00E+00
0+ 00E+00
0+00E400

7= 0.197

2.23E-01
2.23€E-01
2+23E-G1
2.23E-01
2.23E~01
0.00E+00
2.32E~-01
2.32E~01
0.00£400
0.00E400

8= 0,202

0.00E4+00
0.00E400
0.00E+0D0
0.00E400
0.00E+00
0.00E400
0.00E+00
0,00E+00
0.00E+00
0.00E4+00

8= 0.202

0.,00E+400
0.00E+00
0.00E4+00
0.00E+00
0.00E+00
0.00E+00

0.00E400

0.00E400
0.00E4+00

, 8.00E+00

8= 0.292

2423€-0y
2,23E-01
2¢23E=0y
2.23E«01
2.23E-01
0.00E+400
2432E-01
2¢32E-04
C.00E40n
0.00E4+0n

0.00E¢00
D.00£¢00
0.,00£400
0.00£400
0.00g+00
0.00E+00
0.0uE+00
0.00E+400
0.00£400
0.00E+00

9= 0.207 10= 0,210

0.00E40n
0+00E400
0.00E+00
0.00E+On
0.00E+00
0.00E+0n
0.00E40n
0.00E400
0.00E400D
0.00€E40n

C.00E+C0
0.00E+00C
O.00E400
0.00E+00
0,00E+00
0.00E+D0
0.00E+00
0400E+00Q
0.00€+00
0.00E+00

9= 0.207 10= 0,210

0,00€400
0.00GE+0O0
0.00E4+06
0+.00E+0n
0.00E+0n
0+.00€E+00
0.00E+0n
0.00E+00
0.00E+00
0.00E+00n

0,00E+00
0.00E+00
0.,00E+00
0,00E+00
0.00E+0C
0.00E+00
0,00£+00
0+.00E+00
0.00g+00
0.00E+00

9= 0.207 10= 0,210



€S%

F1ELD VALUES or
Y410)=9.000E~-03

e
Yt
v
e
¥
A1
Yt
i
Y

9)=8.000£-03
8)=6.750E-n3
TI=4750E-03
6)=3.750E-n3
5)=3.250E-03
4)=2,750E=03
3)=1.500E-03
2)=5,000E-04
1)=0.,000E400

X¢1x)

FIELD VALUES OF
Y(10)=9.000E-03

\{
vt
Yt
vt
Yt
Yt
Yt
Y
Y

9)=B.000E~03
8)=6.750E~03
T1=4.750E=-03
6)=3.750E=n3
5)=3.250E-03
4)=2,750E~03
3)=1.500E-03
2)=5.000E«04%
1)=0.,0000432

X(IX)

FIELD VALUES OF
Y{10)=9.000E-03

Yt
Y
Y
Y
e
e
Y(
Y
e

9)=8.000E=03
8)=6.750E~03
T)=4.750E=-03
6)=3.750E=03
5)=3+250E-03
4)=2,750E-03
3)=1.500€=-03
2)=5.000E-04
1)=U.000E400

X(IX)

H PLE S LT TS PRy

0.00E400
n,00E+0D
0.00E+00
0.00E+00
0.00E+400
0,00E+400
0,00E+00
0.00E+00
0,00E+400
0.,00£+400

1= 0,000

0.00E+D0
0.00E+D0
0.00E+400
0.00E400
0.00E400
0.00E400
0.,00E+00
0.00E+400
0.00E+400
0.00E+00

2= 0,030

----- - H

0.00€+400
0.00E+400
0« 00E+00
0.00E400
0.00E400
0.00C+00
N«00E+00
0+00E400
0.00E400
0.00E400

3= 0,070

H2 ermrescescccnensneseccce HY evcececcccnan rermrean.

0,00E400
0.00E400
0.00E+00
0.,00E+00
0.,00E+00
0,00E+00
0.00E+00
n.00E+00
0,00E+00
0,00E400

1= 0.000

H20
n.00E+00
0.00E+00
0.,00E+00
0.00E400
0.00E+400
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1= 0,000

0.00E400
0.00C+00
0.00E+400
0,00£400
0.00£400
0.00E400
0.00E+00
0,0C0E400
0.00E+00
0.00E+00

2= 0,030

0,00E+400
0.00E400
0.00E400
0.00E+400
0.00E+00
0.00E400
0,00E400
0.00E+00
0,00E+00
0.00E+00

2= 0,030

0+00E400
0+00E+00
0.00E+400
0.00€+00
0«00E+00
0.00E400
0+00E400
0+00E+00
0+«00E+00
0«00E+00

3= g.070

evccmccccsnicocannmane H20memoa

0« 00E+00
0.00E+00
0+00E4+00
0+00E+00
0+00F4+00
0400E400
0+00E400
0+00E+00
0«00E+00
0.00E+00

3= 9,070

2 8- PR e
0.00£400. 0.00E490 0.00£+400
G.00E+00 0.00C400 0.00£400
0.00E400 0.00E400 0.00E+00
G.00E+00 0.00E40C 0.00E+G0O
0+.00E4+00 0+00E400 0.00E+00
0.00E+00 D.00E400 0.00£400
0.00E400 0+.00E400 0,00€400
0.00E+400 - 0.00E+00 0.00£400
0,00E+00 = 0.00£400 0.00£400
D.00E4+00 0.00E+00 D.00€+400
%= 0.120 S= 0,170 6= 0,188
0,00E400 0.,00E£400 0,00E400
0.,00E+00 0.00E400 0.00E+00
0.00E+00 " 0.00E400 0.,00E+00
0.00E+00 0.,00E400 0,00E400
0.00E+00 C.00E400 0.00E+400
0.00E+00 0.00E+00 0.,00E400
0.,00E+00 0.00£400 0.00E+400
0.00E+00 0.00E+00 0.00E+0D
0,00E+00 0.00E400 0.00E400
0,00E+00 0.00E+400 0.00E+COD
4= 0,120 5= 0,170 6= 0,188
0.00E+08 0.00E400 0.00E+4CO
0.00E+00 0.00E+400 0+00£+00
0.00E400 0.00E400 0.00E+00
0.00E+4+00 G0.00E400 0.00E+00
0+00E+00 0.00C+400 0.00E+400
0.,00E+00 0.,00E40D0 0.00E+00
0.00E+00 0.00E400 0,00E+00
0.00E400 0.00E+00 O0,00E+00
0.00€E400 0.00£400 0,00E+0QO
0.,00E+00 0.00E400 0,00E400
4= 0,120 5= 0,170 6= 0,188

0.00E+00
0.00E400
0.00E+00
0. 00E+CD
0.00E+400
0. 00E+00
0+00E+400
C.00E+00
0+00E+400
0.00E+00

7= 04197

0.00E+00
0+.00E+00
0<00E+00
C.00E+00
0.00E400
0.00E+00
0.00E400
0«00E+400
0+00E+00

0.00E+00

7= 0+197

0+00£400
0.00E+00
0+00E+0D
0.00E+08
0«00E+0Q
0+00E+00
0«00E+0O
0.00E+400
0.00E+00
0.00E+00

7= 0.197

0,00€+400
0,00E+00
0.00€E+00
0.00E¢00
0.00E+00
0.00E+00
0.00E400
0.00E+00
0.00€E+00
0.00E+00

8= 0,202

0,00E+00
0.00€400
0.00E400
0.,00E+00
0.00E+00
0.00E+00
0.00£400
0,00E+00
0.,00E400
0.,00E+00

8= 0,202

0.00E4+00
0.00E400
0.00E+00
0.,00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E400
0.00E400
0,00£400

8= 0,202

0.00E40n
0.00€400
0.00E+0n
0.00E+0n
0.,00€4+00
0.00E+0n
0.00E400
0D+00E+0n
0.0CE+On
0.00E4+0n

9% 0,207

0.00E+0n
0+00€4+00
0.00E400
0+.00€¢0n
0.00E+0n
0.00E+00
0400E+00
0+.00E40n
0.00E+0n
0.00E4+00

9= 0,207

0.00E+90
0.00E400
0+.00E+00
0.00E4+0ON
0.00E400
0.00E+Cn
0.00E+00
0.,00E+00
0.,00E+0n
0.00E+00

92 0,207

IrTVAD M00d J0
[ qOVd TYNIDIHO

0,00E+00
0.00E400
0,00E400
0.00E+00
0.,00E+00
0,00E+00
0.,00€+00
0,0CE+00
0.00E+00
0,00E400

10= 0,210

0.00£400
0.00E+00
0.00E+00
0.00E+00
0400E+00
0+00E+00
0.00€E+00
0.00E+00
0.,00€+00
0.,00£400

10= 0,210

0+.00E+0V
0.00£+00
9.00E+00
0.00€400
0.00E400
6.00E+00
0.00E+400
0400E40Q0
0.00E400
0+00E+00

10= 0,210



/414

i, TR

a IR

FIELU VALUES oF
Y{10)=5.000E=03
Y( 91=8,000£~03
Y{ B)=6.750E~03
Y{ 7)=44750C-n3
YU 6)=3,7500-03
Y{ 5)=3.250E-03
Y{ 4)}=2,750E-03
Yt 3)=1.500E-03
Y{ 2)=5.,n00E~-04%
Y{ 1)=0.900F+00

X(Ix}

FIELD VALUES OF
Y(10)Y=9.000E-03
Y( 9)=8.p00E-03
Y{ 8)=6,750E~03
YU TY=4.7500-03
Y{ 6)=3.750E~03
Y{ 5)Y=3+250E~-03
Y({ 4)=2:.750E~03
Yt 3)=1,500E~03
Y{ 2)=5.000£=-04
Y{ 11=0.009E+00

X(IX?

FIELD VALUES OF
Y(10})=9.000E~03
Y( 9)=8.,000E-03
Y( B)=6.750E~D3
YU 7)=4.750E~-03
Y( 6)=3.750€E-03
Y({ 5)=3.250E-03
Y{ 4)=2.750E-n3
YO 3)=1.500E-~03
Y{ 2)=5.,000E-04
Y{ 1)=0.,000E+00

X41Xx)

0 Rt e L T | |

N.00E+00 0.00E400 O«00F+00
T.CUE+00  0,00L+00 O0.00E+UD
N,00E+400 O0,006400 0.00E+400
N.00E+00 . 0,00C+400 0+00FK+00
G.00E40U O0,00E+00 0+.00E4+00
0.,000+U0 0.00L400 0.00E+00
0,00E+00 0,00L400 Q0. .00E+00
0.00E+00 0,00E+400 (.00E400
0.,00E+00 D.00E+400 0.00£400
0.,00E+00 O0.00E+400 G.GOF+00D
1= 0,000 2= 0,030 3= g,070
ol ceeotesececnaccnncuna OH
0.00E400 0.00E4+00 0.00E+00
0,00E400 0.00E400  DeDOE+00
0.00E400 Q.00E+00 0+00E+00
0+00E400° 0.00E400 0.00E+00
0.00E400 0.,00£400 0.00E+00
D.00E+00 0.00E400 0.00E400
N«00E+00  0.00E+00 0.00E+00
N.00E+00 0.00E+400 0.,00E+400
N.0DE+00 0.00E+00 0.00E+DO
0.,00E400 (0.00E+00 0.00E+0D
1=.0.000 2= 0,030 3= 0,070
PR emet e mrtccenemnennan PR
1,87E=-01 1.876~01 1.87E-01
1,87E-01 1,87E-01 1.87E-01
1.87€=01 1.87£-01 1.87£-~01
1,87€-01  1,87€-01 1.87E-01
1,87€-01 1,87£-01 1.876-01
0,00E+00 0.00E+00 O,00E400
0.,00E+00 0.00£400 O0.00E+400
0.00E+00  0,00E+00 0.00E+00
0.,00E+400 O,D0E+00 O0.00E+00 .
1, 00E400 0.N0E+00 O0.00C400
i= 0.000 2= 0,030 3= g,070

P L LT T LY PP Py NP

0.00E+00 0.00E400 0.00E+00
0.00E400 0.00E400 O0.00E+00
0.00E+00 " 0.00E+00 0.,00E+00C
0.00E400 0.00E+00 0.00E+400
0.00E+00 0.00E+00 0.00E+400
0.00E+00 0.00£+00 0.00E+00
0,00E400 0.00E4G0 0.00E+00
0.00E+400 D0.00£400 0.00E+00
0.00E+00 0.00E400 0,00E+400
0.0NE+00 0.00E+00 0.,00E+00
4= 0,120 5= 0,170 6= 0.188
0.00E+00 0.00E400 0,00E400
0.,00E+400 0.00E400 0.00E400
0.00E+00  0.00E+400 0,00E+400
0.00E+00 0.00E+00 0,00E+00
0.00E+00 DJ.00E+00 0.00E400
0.00E+00 0.00E+00 0,00E+00
0,00E+00 0.00E+00 0.00E+00
0.00E400 0.00E400 0,00E+00
0,00E+00  0.00E400 0,00E+00
0.00E+00 0.00E+400 0.60E+00
4= 04120 5= 0,170 6= 0,188
1.87E-01 1.87E-01  1.87E-01
1.,87€-01 1.87E-01 1.87€-01
1.87E-01 1.876-01 1.87E-01
1.87E~01 1.87E-01 1.87E-01
1.87E~01 1.87E-01 1.87E-01
0.,00E+00 0.00E+00 0.00E+00
0.00E+400 0.00E4+00 0.00€+00
0.00E+00 0+.00E+00 0.00E+00
0.00E+00 0.00E400 O0.00E+00
0.00E400 0.00£402 2.00€400
4= 0,120 5= 0,170 6= 0,188
Yy »

0.00E+00
0+00E+00
0.00E400
D+00E+00
0+80E+00
0+00E+00
0»00E+00
0«.00E+00
0+00E+00
0«.00E+0D

7= 04197

0.00E+00
0+G0E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
C.00E+QD
0+«00E+00
0.00E+00
0.00E400

7= 0.197

1.87E-91
1.87E~01
1.87€E-01
1.87€E-01
1.87E~01
0.00E+00
0.00E+00
0.00E+00
D.00E+0D
0+00E+00

7= 0,197

0.00E+00
0.00E+00
0.00E400
0.00E400
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E4+00
0.00E+00

8= 0,202

0,00E+00
0,00E+00
0.00E400
0.00E+400
0.,00E+00
0.00E+400
0.00E+00
0,00E400
0.00E+00
C.00E+00

8= 0,202

0.00E+00
0,00E+00
0,00E+00
0.00E+00
0.0CE+00
C.,00E+00
0.,00E+00
0.00E400
0.GOE+00
0.00E+400

8= 0,202

0.00E+0Q0
0.00E40n
0.00E40Cn
0.00€e0n
0+00€E«0n
0.00E400
0.00E+0n
0.00E40n
0.00E+00
0.00E+0n

9= 0.507

0,00E+00
0.00E+00
0.00E+00
0.,00E+0n
0,00E+0n
0.,00E+0n
0.30E+00
0.00E400
0.00E400
0.00E+00

9= 0.207

0.00E+0p
0.00€+00
0.,00€400
0.00E4+00
0.00E4+00
0.00E400
0.00E40n
0+00E+00
0+00E+0n
0+00E+00

9= 04207

0+00E+400
0.,00E+00
0.00E+00
0.00E+00
0.00E+00
0400£+00
0,00E+00
0.00E+00
0.00E+00
0.00E+00

10= 0,210

0.00€£+00
0.00E+00
0.00e+00
0.00€+00
0.00E+00
0.00£+400
0.00E+00
0.00e+00
0.00E¢00
0.,00E+00

10= 0,210

0.00E+0V
0.00€+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00£+00
0.00E+00
0.00E+00
0.00E+400

10= 0,210

e g e,



gGe

FIELD VALUES OF TEM

Y(10)=2.000E=03

Y
i
Y
Y{
Y(
Y
Yt
R4
e

9)=8.000E-03
8)=6.750E-03
T)=4+750E~-03
6)=3.7500-43
5)=3+250C=-03
4)=2.750E=-03
3)=1.500E-03
2)=5.000E~04
1)=U0.009E+00

X{1x)

FIELD vALUES OF

e
AL

9)=HDU0E-03
8)=6.750E-03
73=4.750€-03
61=35.750C-03
5)=3+250C=03
4)=2.750E£~03
3)=1.500C~03
2)=5.000E-04

X(IX)

FIELD VALUES OF
Y{10)=9.000E~03

T
Yt
i
¥
Y
vt
A
AL
Y

9)=6.6006-03
8)=6.750E~03
T1=4+750€-03
6)=3.750£-03
5)=3.250C-03
4)=2.750E-03
3)=1.500£-03
2)=5.000L-04
1)=U.NQ0E+00

x(1x)

1.64E+D3"
1.64E+03
1.64E403
L.64E+D3
1+63E403
2+75E+02
2+T5E+02
2. T5E402
2.75E+402
2+475E%02

6= 0,188

0.00€40D
0.00€+00
0.00£400
G.00E+00
0.00E400
0.00E400
0.00E400
0.00E+00D

7= 0.197

2.54E400
$416E-01
4+16E-01
4$o16E~01
4+16E-01
2.43E+00
2.52E+00
2452E400
1.40€+00
1.40E400

P

R et il T { 2 | RO R
L.64E+03  1.64E+03  1:¢64F403 1.64E403 1.64E403
1.64E403 1.64E403 1.64E403 1.6%E403 1.64E403
1.64E403 1.64E403 1.64E+03 1.64E403 1.64E+03
1.64E403  1.64E4D3  1.64E403 1.64E403 1.645E403
Le6HE+0O3 - 1.64E4D3  1.64F403  1.64E403 1.64E403
2.T5E+02 2.75E402 24756402 2.75E402 2.75E402
2.75E402 2.T75E402 24756402 2,75E402 - 2.75E+402
24756402 2,75L402 24756402 2,75E402 2.7SE+02
2.75E402 2.75E402 2.75E402 2.7SE402 2.75€402
2.75E402 2,.T5E4N2 2.75E402 2,75E402 2.75E402
1= 0.000 2= 0,030 3= p,070 4= 0,127 .52 0,170

P emmareseecccscvcrmniss P cmcececsedcuccccecanea
0.00E#00 0.00E+4+00 O0.00E+00 0.00E+0C 0.00E+400
0+00E400 D.00E400 O0.00£400 0.D0E400 0.00E400
0.,00E400 0.,00£400 0.00F+00 0.00E400 G.00E+00
0.00E400 0.,00E400 0.D0E+00 0 00E400 0.00E+00
0.00E+400 0.00E+400° 0.00E400 O0.00E400 0.00E400
NeU0E+0U O0.00kL+00 0.00E400 0.0UE+00 0Q.00E400
Ne00E+00 0.00E400  0.00E400 0.D0E+00 (0e0DE+00
Ne00E400 DJ.OOE+00 0.00F+00 0.00E400 0.00E+00
2= 0,030 3= 0,070 4= 0,120 S= 0.170 = 0,188

RHO =e--cseeccecmcacacarcs RHO-mmwmeemmeinmcacaraana
2.54EY00 2.S4E+00.  2.54E+00 2.54E400 2.54£+400
$416E=01  4.16E~01 4+16E-01 4.16FE=01 He16E=01
4416E-01 4.16E-01 #.16E-01 4,16E-01 4.1gE=-01
4e16E=01 4,16E-01 4.16€=01 4.16E-01 4.16E=-01
4e16E-01 §,16E-01 4¢16E=01 H.16E=-01 GeIgE~01
2.45E400  2.45E400 2.45E400 2.45E400 2.45E400
2452E400 2,52E400 2.52E400 2.52E400, 2452E400
2452E400 2,52E400 2.52E400 2.52E400 2.52£400
1.40E400  1.40E0400 1.40E400 1.40E400 1.40E+400
1,40E400 1.40E£400 1.40E400 1.40E400 1.40E400
1= 0,000 2= 0,030 3= 0.070 4= 0,120 5= p,170

6= 0,188

1e6Y4E+DD
1.64E+403
1.64E+D3
1+64E+03
1.64E+403
2+75E+402
2.75E+02
2.7SE+02
2+75E402
27SE+402

7= 0.197

0.p00E+00
0+00E+0Q0D
0.00E400
0.00E+00
0.00E400
0.00E+400
0.00E400
0400E+00

8= D.202

2+84E400
4.16E~01
4.16E~01
Y4.16E-01
4.16E-01
2« 45E+400
2+52E+0D
2¢%52E400
1:40E400
1s40E+00

7= 0.197

AIITVOD ¥00d d0
SI @OV TYNIOIYO

2.75€402
2+75E402
2.75E402
2.75E4+02
2.75E402
2.75€402
2.75E+02
2.75E+402
2.75E+02
2.75E402

8= 0.202

0.00E+00
0.00E4+00
0.00E400
0.00E400
0.00E400
0.00E400
0.00E+400
0.00E+00

9= 0.207

2+54E£400
2.45E£400
2.4SE+00
2.45E£+00
2.45E+400
2.45E400
2.52E400
2.52E+400
1.40E+0D
1.40€400

8= 0.202

2.75E+0>
2475E+00
2.75E40>
2+T3E+0>
2.75E+0>
2+75Ee0>
2475E40>
2.75E40)
2+75E40>
2.75E40

9= 0,207

2.54E40n
2.45E+00
2.45E40n
2+43E+0n
2.45E400
2.4SE40n
2.52E40n
2+52E400
1.40E400
1.40E+00

9= 0.207

2.75g+02
2.75€+02
2.TSE+02
2.75€¢402
2.15E+402
24756402
2.75E402
2.75€402
2.75E402
2.75£402

10= 0,210

2.,5%6+00
254400
2.34E¢00
2.54E400
24S%E400
2.S4E+00
2.54E+400
2.58g000
2.54E+400
2.54E400

10= ¢,210

oo - sesac s 20 oy

pas




9¢62

FIVLL ool s L 3 Wl mmmemmmmm e o T TSN

Y(IU =9, 000t -1 4 T.39E~05 T.39L~03 1l.jar-0t 1.3JE-03 1.196-03 1.19F-y3 1e19E~03 1.19£-03
Y{ 93=8.04000 ~n4 Le1UL-03  1.190L-03 1.190(-673 1.17L-03 1.19E-03 1.319E-03 1.19C~03  1.196€-03
{ MT=B.TS00-n3 1.19L=03  1,190-03 1.121-05 1.19C-03 1019E-03 1.1%9E-03 1.19£-03 1.19C-03
Y{ 7)78.750L =03 1o19k=03 1,197 -3 1,13r~-03 1.19E-03 1,19E-03 1.1%E-0U3 1619E-03 1.19E-03
YU £)73.75 71 =033 1.19E-05 1.19E£-03 1198 =03 1.17E-03 1.19£-08 119603 1.19E~03 {.19E-038
Y{ 5y=de2s0t -3 1.196-03 1,190-03 1.197-03 1.19€-03  1.19E-03 1.1%E€-03 1+19E-03  1.19E-023
YO H)22. 7908 -y3 1,198-03  1,19€-03 1,197 ~03 1.319E-03 1.19E-05 1.196~-03 1.19E-03 1.19L-03
v{ 31215008 -0 1.198=00  L.19E<03  1.19F-03 1.19E-03 1.17€-03  §.196-03 1.19E-03 1.19C-03
Y( 2)=5.000L -4 1.19E-03 1.196-03  1.1%9F-03 1.19E-03 1.192-03 4{.19E-03 1.19E-03 1.19E-03
YO 1y=u.o00L 400 1.19E8-83  1.19C-~-p3 14398-03 1.19E-03 1.19E-03 1«19E-03 1.19E-03 1.19E-03%

L(INY 1= 0.90v 2= 0,030 4= 0.070 4= 0,120 S= 0,170 6= 0.188 7= 0.197 A= 0,202

1.19E-07%
1.19L-0%
1.196-0x
1.19E-0%
1.19€-0%x
1.19E-03%
1.19E-0%
1.19L-0%
1.19€~03%
1.198-.03

9= 0.207

1.1%£-03
1.19F-03
1e19g-03
1.1Yp-i3
1.19€-03
1.19E~03
1.19E=-03
1.19E-0%
1.19c-03
1+1i9E~03

10= ¢,219



28¢

SUX UF omidy,
LSWLEP

VALWLS i

U
L.alg+01
3.1%E+00
7.0BE+00
2.81g~-01
6.68L-02
1.24F~-01
3+92£-03
D TUF-02
8.030-0%
2,T9E-02
le11E-03
1347{‘02
1.26E-03

S 2.440-02

L. 95E~03
7.01E-03
9-69&’04
Te35E-03
6.51E-UY
4.536~03
2,508 -4
2.2¢E~03
l.97g-04
1.5%C-03
2. 708E~0%
6.93E~04
l.430-04%
2.04E~04
341906
11838‘04
2:90&“05
4.B4E-05
&4 72E-06
1,73F=-05
9. 09£~06
2.69E~05
20“55‘06
3o g-05
1.89E-D6
4.376-05
5.00E-06
5052F-05
S.47E<06
4,.6HE~DD
2.,80L~06
4.95£-05
2.50E-06
S.24E-05
3.32€-06

v
2,U1C+400
b.Yy0L=-03
B.66L~01
5.31-01
2.76L-01
1.09e-01
7.215-02
2477L-02
J.538~02
2.32L-02
2.65L-02
250802
1,90L-02
$.36E-02
1.37e-02
1,49k-02
842103
B.428~03
T«09E~03
4.55E-03
4.82E-03
2.76E-03
3452E~-03
1.70E~03
2.45E-03
1,03-03
1.88L-03
6. THE~-0Y
1.51e~03
B452E-08
1.14£~03
4.,18E-04
Y,20E~0Y

‘2.54E-04

T 52604
2,U1E=-UY
6.26E~-04
1.85e~0Y
S5.21E~04
L 57e=-04
4.51E-04
1.50L-04
3.91e-04
1.33E-0n
3.3%E=-04
1l.24E£~04
2.92E~0Yy
1.186-04
2.53E£-04

Pl INL L O3 =

ENTIT
2.02L400
1.70L-01
1.13L-01
6156 ~02
2.11t-p1)
1.16E~02
1.338~02
1.98L-02
5.89L-03
8.10E-03
3.58L~03
4.55L~03
1.08E-02
6e86EL-03
T.82t~03
1.10t~02
1.33b~-02
4., 96t-03
B.24t-03
2.10€E-02
2.038~02
2430t~-02
5.31t-03
1.08E-02
7.05E~03
6.07L-03
9.98e-03
5+25L-03
1.24t-02
6.56L-03
1.37t~02
8.08E~03
l.44E~p2
9.01L-03
1.46E~02
9.50E-03
L 46E~02
9.62E-~03
1.43L-02
9.59t~03
l.9it~p2
F 49t ~03
1.37t~02
1.88L-02
1.34£-02
1.86t~02
1.31L~02
1.81t~02
1.27~p2

F1
3.50E-03
8+10E~05
B.47E-05
6.97E~06
5.28E£-05
1.62E~05
6.24E~06
4.12E-06
1.32E~06
1.45E-06
5.91E~07
2.08E-07
2.92E-07
6.+36E~G7
3.238-07
8.16E-06
1.49E~-07
8.30E-07
1.81g~07
2.17E~06
1.91E-07
2.51e~06
9.84E£~-08
1.21E~06
2,85E~07
4.42E~07
2.53E-~-D7
5.U6E-07
1.23E-07
5.36E-07
1.61E~07
5+83E-07
6.11E~08
S.72E-07
1.%1E-07
1.16E-016
2;0“6'07
6'555’07
1.18E-07
8.31E~07
1.,98E-07
8.61E-07
1+23€-07
7.7THE=~07
1,.U5e~07
6+52E-07
2.46E~07
6.7T3€-07
1.22E-07

FueL
S.63L-02
1.58L-02
4 42E-02
2.40L~03
1.81€-04%
1.02E-03
S5.39L-06
2.34E~03
4,41e-06
3.61L-023
l1.62E£~06
8,18t-03
6.97E-07
8,91E-03
5.28E£-07
9,75E-05
2.51E~07
3.90E~-04
2.58E~07
3.04E~0H4
3,68E~07
1.16E~04
1.87€-07
2,.11E~DY
3.81E-07
1,61E-04
2,23E-07
9.89E~05
1.69L~07
5,39E-05
1.13€-07
2.23E~05
6.78E-08

1,72E-06"

1.128-07
1.03E~0%
1.,59L~07
1.49E-0%
1.13e-07
2,09€E~05
2,05E~07
2,34E~05
8.98E~08
2,27E-05
1.36€-07
2.24E-05
2.49E~07
2,28L~05
8.88E-008

PP
1,15E+01
B.72E40D
8.34E400
3.91E+00
2.95£+00
1.80E+00
1.18E+00
B.45E-01
7.3660-01
L HUE-OL
5.13E~01
%.39E~01
3.55E-01
S.24E-01
2.405€E-01
2.68E~01
1.72E-01
1.71E-01
1.35€£~01
1.09€-01
5.85E-02
T.61E~02
7.16E=-02
5.54E~02
S«38E-02
4.49E-02
4. 24E-02
3.48€E-02
3,32E-~02
2,76E-02
2.62E~02
2.24E~02
2.11E-02
1.85€-02
1.84%€E~02
1.58E~02
1.62E-02
1.37E-02
1.43E-02
1+20E~02
1.31E-02
1.,07E-02
1.13E-02
9,%0E-03
1.08E-02
9.12E~03
9.90E~-03
B.41E-03
9,08E~03

SWEEP Nn.

50



8G¢

ALGEBRALC Sult OF RESIDUAL SOURCES

IX  HNO. TRAVS

VALUES AT MONITORING LOCATLUN ( 3,

2. 1
3 1
4 1
5 1
6 1
7 2
8 2
9 - 2
ISWEEP
50

U
0.00£400
‘0.00E400
0.00E+00
3.01¢-07
~4e65L~06
~7.06E-06
44 14E~05
0+00£400

u

v
0.00E+00
2.75e-06
2.30E~-06
1.996-05

“2.47E-09
-5.83L-06
=2.34€E-05
-3.48L~-05

v

AT tACH LIHE--RSLINE(IXsJPHI)

ENTH FM FUEL
=T.01E~04 1,99E~07 4.35E~-09
~1.19E£~03 =1,38E-07 7.83£-08
=1+74E-03 1.99E-07 1.80C-06
~4.B81E~03 -7.64E-08 2.21£-05
-9.05e-03  0,00E+00 9.17e-08
~4.57E-05  1,53€=08 =1.53E-08
=3.76E-05 =B,59t-09 1.91£-<08
-3.29E-05 0.00E+00 -2,01E-08

3)
ENTH FM FuegL

6926E+00 =1+62E~03 -1.65E+05 3.79E-02 3,79E-02

PP
0,00E+00
1.90E-04
2,30E-04
9,91€£~-04
“09“5'03
7.03E-04
3,09€~-04
4,49E-04

[
=1,99E+01

R e




698

el +
St Wl lcae ardadb s wl st A laedf HL) -
L IswLES u v EHIN

au Se34L-05 L 14%F-p4 - 1.76L-02
51 2e20E=06 2.20L-0% 1.28L-42
52 Yoaupf-05 1 UBE-U4  1.71k~02
53 S.04E~U6 1.,90£-04 1.20t-02
54 Y.56E~05 1.U2e-U4 1.,567E-p02
535 Yo44E~06 1.67L-0Y4 1,17E-02
56 4.54F-05 1.03£-04 1.62b~02
a7 9.91E-07 1.43E~04 1.14t-02
58 4.66EL-05 1.08£-04  1.58E-02
59 3,14E-06 1 27¢=-04  1.10t-p7
60 4.776-85 1.U%E-04 1.53L~-02
61 2.80£-06 1412k~08% 1.08t-02
&2 5.34E~05  F.H4YE-05 1.48E-02
£5 2.53C-06 1.02E-04 1,04p~02
64 4e28E-U5 9.200-05 1.45b-02
65 2.45-06 9.18L-05 1.02p-92
€6 4.01E-05 B.48e-05 1.40e~D2
&7 $.69E~U6 8.46F-05 Y.B88L-03
68 4.336-05 B.58£-05 1.36L-02
&9 3.19E~06  T.35£-05 F.57L-03
T0 3.T7BE-85 7.620-05 1.32E~-p2
71 3.23E-06  6.97E-05 9.32E-03
72 3.43E-05 G.B6E-05 1.29t-p2
73 2.71E-06 H6.85E-05 9.08t-03
74 3.65E-05 7+43E-05 1.25E-02
75 4.91E~06 5.63F-05 B8.82£-03
78 3.60E~05 T4BE~05 1.22E-02
77 2.37E~86 4.98£-05 - 8.52L-03
738 ZpE=05 - 6430L-05  1.18b-p2
79 2.28E~06 Y.55E£-05 B.31b-03
BY 3.64E~05 6.98L-05 1415t-p2
Bl Fe34E-06 Y.33£-05 B.OTE-D3
g2 2.BPE~05 643BE~U5  1.11lt-02
&35 1.p4E-06 3.70E-05  7.86L~-D3
24 3.44E~05  6480£~-05 1.08E-D2
e5 Fe91F-07 3.74L~0S  T.65E-03
g6 3.05L-05 6.13E-05 1.05t-02
87 4491L~96 B56E-U5  T.41E-0G3
88 3.34E~05 6.22E-05 1.02£-02
89 3.27¢6-06 Y.54E-05 1.71t~-p2
96 3.53g~05 5.79C-05 9.93g-03
91 2+8%£-06 3.96L~05 1.66E~-02
52 3e24E-05 6.34E-05 9.65E-03
93 S.600-06 5.05£-05 2.61L-92
94 3.80E~U5 5.79L-05 1.91k-02
95 4491F~D6 4.B3E-05 2.5%t-02
96 2.90E~05 5.22e-05 1.87&-02
97 3.570-06 HY.71E-05 2.47b-02
98 2.261-85 Y462E~-U5  2.78L-02
g3 3.92E~-06 4,71€-05 2.30L-p2

SWEEP i« 100

Fi
6035007
1.39E-07
6.83E-07
1.48E~07
5.76E-07
1.46L=07
5.75E=-87
1.55£=07
4, T5e-07
1.11E-07
3.26E-07
1.12E-07
1.49E~06
1.65£-07
3,93C-07
2,19-07
7.96-07
1+,50€-087
2.20E-07
1.73E-07
5.B8E-07
2. 24E-D7
€.93E-07
2.47E-07
735E-07

7.54E-08"

9,35E=07
T +S4E~08
5426E~07
1433E~-87
2,34E-07
1«40E~D7
B.71E-07
2.10E-07
4.21FE-07
2+,46E-07
1.09€-06
1.38E-p7
7e33E~UT
3. 2B8E~07
7.53E-07
B.U2E-D8
6418£-07
2.94£-07
B.47£-07
2+63E-07
1.03E-06
2.09E-07
B8442E~07
2.24£-07

FugL
2.42E-05
1,15t-07
2432E-05
1l.22b-07
2.26e-05
1.756~-07
2.19L-05
2.03e~07
2.15E-05
1.86E-07
1,98L-05
7.26E-08
1.83t-05
1.77e-g7
2.16L-05
2.0&E-07
1,906-05
1,18E-07
1.92E-85
1.76E-07
1.74E-05
2.31E-07
1.87E-05
2,03E~07
1.68E-05
1.04E-07
1.70E=-05
6.B8BE-DB
1.49E~05
1.77E-07
1.,57E=-05
l.16E~p7
1.49E-0S
2.17€-07
1.52E~05
2,66E-07
1,57E-05
1l.66E-07
1,30£~05
3.31e~07
1L.34E~05
4.568L-08
1.,26E~05
2+970-07
1.41L-05
2.54E-07
1.028-0%
1+73E-087
1.1JE~05
1.742-67

PP

7.82E-03
8.34£-03
7.17E-03
7+.71E-03
6.65E~03
7.13E-03
6e326-03
6.58E-03
6.04E-03
6.13E-03
5.73E-03
S.TYE-03
S.38E~-03
5,35£-03
5.14E-03
5.04E-03
4,82E-03
4, 71E-03
4,56E~03
4 H$2E~-D3
4,30E-03
4 ,10E-03
4,02E-G3
3,88E-03
3,90E-03
3.61E-03
3,76E-03
3,41E~03
3,55E-03
3,19E-03
3.43E-03
2.90E-03
3,26E-03
2,7BE-03
2,97E-03
2.65E-03
2.B2E~03
2454E-03
2.62E~03
2.44E~03
2.472-03
2.33E-03
2.39E-03
2.28E~03
2.26E-03%
2,20£-03
2.03£-03
2.11E-03
1.91€-03
2.04E=0D3

<

XTIIVOD ¥00d &
SI @OV TVNIOIHO

SWEEP Hn. 100
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ALBEBRALC Zur 1
IX . MO, TRAVS

VALUES AT MOHITORING LOCATION ( 3,

2 1
3 1
4 1
5 1
6 1
7 1
8 1
3 2
I1SKLFP
160

u
~6eHyF=07
0.00+00
-1.38p-06
6+897-07
~4.744~07
-1.65[-06

v
G.U0E+00
1.63E~06
4,02e~06
3.99(~06

=1.59t~06
6.86C~06

1.92C~05 ~1.U2L-05

UeUDg UL

U

6426E400 ~1462E~03 -1.65E405

~1.55E-05

v

LNIH
~3.87E~04
-5 B1C~04
-RJ4IE-T4
-2.33E-03
-4 .42C~03
-9, UT7E-03
~9.42E-03
~1.69E~05

3)
ENTH

Fi
-1.53E-08
4,58E-08
—2.6UVE~-07
~7.84E~08
h.58g-y8
3.06E-08
~2.48L-08
~1.62E-03

FM

3.79E~-02 3,79E-02

RESIULAL SUURLES AT LACH (13 ~alSLIHE (1XyJPBL)

FULL
217609
3.86E-08
B«54E=-07
1.06E~DCS
3.06E-08
1.53£-08

=3+.25£-08
2.77e-08

FUEL

PP

C.00E+400

4,95€-05
T.19€-05
2.31E-0%
8.64E-04
€.53C-04
€.29E-04
1.356-0%

P
=1.99E+01

s gy



T9¢

BIPEAEY

PR R ¥ - I PR

ISRELH

igu
16l
162
163
10%
1059
198
167

108 .

1Y
110
111

112

113
114
115

1i6

117
118
119
120
121
122
123
124
125
126
127
1228
129
130
131
132
133
134
135
136
137
128
129
140
141
142
143
144
145
146
157
158
149

SKELEP HU.

150

©

"
2401 -g5
#.g1E~B6
2.37¢-05
4.1t -06
2.31£~05
4.26L-06
1.gqg-05
5.68E-06
2.57f~05
4.65£-06
2,45E-65
4,13E-66
2.34€-05
2.15L~06
2.58E~05
3 HSE-06
2.08E~05
3.23E-06
1.55C~065
4.87E-06
1.37€-05
S5e51E~06
2.03E-05
2.67E-06
1,35£-05
2.5gE~DE
1.78E-05
5.3PL-06
1,71E-05
3.320~06
1.79£~05
3.92E~06
2.27€-05
5.21E~06
l.g5E=-B5
2.92E~D6
L.56E-05
3.¢6E~06
1.51F-05
3,921, ~06
1.726-05
5,08E-06
1,63E~D5
%.220-06
4,g70-06
4.31E-06
Y4 55£-06
5, pSE-06
3.22E-05
5.256-06

S N TR FUTE

k)
4, 30E-0%
$.42L-05
D.4ZL-05
4.6BL-05
9. B6E-DS
4.,94¢-05
5.25£-0%
Y, 88E-05
4.EHE-095
Y YLE~0S
5.36L-05
4.75L~05
5¢4TE~D5
4.949E~05
Sel6E~-U5
4,63 -05
5.30£-05
4.,63L-05
5.,23E~05
4 H1E~0S
5.9BE~05
Y+ TEE~OS
5+.69£~05
Y.46E~05
Y,63E~05
4 .52E-05
4 ,63L~05
Y +DYE~05
4.65E£-U5
4.08E~05
4.71L-85
4.16E~05
3.37E-05
Y, 05E-05
3.40E~05
3,56E~05
3.39E-05
3.85C~-05
2.45L~05
2.25L~05
3.926-05
3. 58E~05
5.6%8-05
. 34E~05
2.205-05
2.81E-05
2. 885=05
2.86E-05%
2.721-05
2.865-05

ATt
2.71t-g2
2.33e-p2
2e63L-N2
2.27¢ =037
2.56L~52
Z.2nE-p2
2.49p-p2
2.14L-02
2.42e-02
Z.Ugg_gz
2.35L-02
2.92e-02
Ze28L=02
1.965-02
2.21t-02
1.91£-92
2015E~02
1.85L-02
2:0%L~02
1. 79e~-02
2.03L=-02
1.75t~02
1.37e-02
1.70b-02
1.91£-02
1.65E=02
1.86L~-02
1.60E~012
1.80E~-02
1.55E-02
1.75~02
1.51L-02
1.70e-02
1l.486t-02
1.65L-02
1.42e-02
1.60L~p2
l.33L-02
1+56L-02
1+34-02
1.51t=-02
1.308-02
1.47t-02
2 26L=02
2.42t~-02
2,20L-02
2.35L~-02
2148 -02
2,29 -02
2,07e-02

(2, ]
5.15E~07
1.62E-07
8.39£~-07
4.26E~07
9.63E-07
1.24E~07
4.54£-07
1+53E-07
8.01£~-07
1+96E-07
4,01E-07
2+36E~07
5.38E~-07
1.52£-07
B.40E-07
2401E-07
2.63E-07
3.240£-07
4.83E-07
1.47€-07
6.01E-07
1.11E-07
S.62E-07
1.47€-07
6. TEE-O7
1.30E~07
1.,06E£-06
2.23E-07
S.T6E~07
3.37£~07
T.53E-87
3,83E-07
2,33E-07
1+75€-07
5.60£-07
9.07£-08
6.47E-07
3.43E-07
7.028-07
1.800e~07
4.18E-07
3.85E-07
3,33E+07
2.10E-07
9.81E~07
1.37e-07
7.10E-07
1.U4£-07
S.06E-07
2.75€E=07

FUEL
1,17E-05
1.41E-07
1.11E-p5
3.46L-07
1.,28E~-05
1.34e-07
1,06£-05
2,08t-07
1.G3£-05
2.54L-07
1,03£-05
1.54E-07
9,.,16L-06
1.55€-07
9.76E-06
1.65€=07
9,26L-06
2.78€~07
8.91E~06
1.31£-07
9.52E-06
1.68E~07
9,17E~06
I 65E-08
9,01E-06
1.44E-07
6.91E-06
2.44€E-07
9.54L«06
2.,76E-07
Te17E-06
2.71E-07
6.76E=06
1,88E-07
7.13E-06
1.99L-07
6,85E-06
2,93c-07
7.58L=-06
9.74L~08
6.27E-06
1.97e-07
6.UBE-0E
2.21t -2
TellYl 36
1,61£-07
4494E~-06
6.,97¢-D8
6.80E-D6
2.81€-07

PP
1.83E-03
1,98E~-G3
1.90£-03
1.97E-03
1.51E-03
1,92E-03
1.81£-03
1.87€-03
1,71E-03
1,82E~-G%
1,70€-03
1.78g-03
1.67E~-03
1.75E-U3
1.,62€E-05%
1.69E-0%
1.59E-03
1.65E-03
1,52E~-03
1.61E-03
1.,54€-03
1.60E-03
1.53E-03
1,56E-03
1.376=-03
1.53€£-03
1.,35€-03
1+498BE~-03
1.34E~-03
1.45€-03
1.21€-03
1,42E~03
1.,14E-03
1.35£-03
1.10€E-03
1.29e-03
1.09E-03
1.2BE-03
1,03E-03
1.25E-03
1,06E-0%
1.,19€E=-03
1,03e-03
1.16£=-03
9.67E-0Y4
1.10€-03
9.91E-04
1.,10E-03
9,36E~04
1.10E~03

SWEEP Mfye

ArIvad JOOd v

150

ovd TV NTOHIIQ

\

S I

r

;
:
i
;

.




292

ALGLURALC suf: ¢

X

WS Eun

SuM

Y{
Y
yt
Y
e
Y
A
\ £
Y

Yvi
Vi
YV{
Yvi(
TV
v
Yv¢
yvi
Yvi(

hi STUUAL SUURLES

AT EACH AT =~HSLINLCEX s JPPHY )

NHU. THRAVS u v EnHY FM FUEL PP
1 ~6e89(, =07 - DsUUELH00 -1.65E~-04 ~1.U7E-07 7T.48E-10 0,G0E+00
1 “6e89F =07 =6.26E-06 -2.75E~U% =2.%9E-07 1.456-08 6,47€-05
1 0.00F+00 2.U7C~06 ~4.13C-N4 3.216~07 3.55£-07 6.56E=05
1 «20150~07 =14420=06 ~1.13E~03 3.06E-08 U4,76E~06 R.65E~05
1 -5.170~U7 6.20E-07 =2.13:-03 0,00E400 4,.,58£-08 2,16E-04
1 =le46E~U06 S5.51E~06 =-4.36E-03 0. 00E+00 4.58E~08 2,99E~04
1 1¢21€£-06 =1.19£-05 ~4,58e-03 1,156-03 1.53E-08  1.,81E-04
1 UeD0F+00 =5.93EC-06 ~9.15E-03 3.25E-08 1.24E~08 1.06E-04
VALUES AT MONITORING LOCATION (. 3, 3)
ISHEEP U v ENTH FM FUEL P
150 6.26E400 -1,63E~03 -1.65E405 3,79E-02 3,79E-02 -1,99E+01
0OF ABS. VALUES OF HSLINE(IX+JPHI)~
ISWEEP ) v EHTH FM FUEL PP
15U 4,776-06 3.37E-US 2.22L-02 T 4TE=-07 5,25E-06 2.59E~04
FICLD VALUES OF U Rddahdadeded bbbt D m=e U weccceccccrccccccncnns
Y{101=9.000£-03 N.00E+00 0.00E+400 O0+00£+400 O0.00E400 0.N0E403 O0.00F+00
91=8.000E~03 -4.,51E400 ~4.51E400 -H+62E+00 -4+59E400 ~1412E403 =1.07E400
8)=6.750E-03 ~4451E+00 -4.51E+400 -Y+62E+00 ~4+60E+00 =1.10E+09 ~9.28£-01
T)1=4e750E-03  -4,35E+400 ~4.35E400 ~4.45E400 ~444E+00 =1.05E+0) =6,96E-01
6)=3,7500=03 «4,17E+00 =4.17E400 =4+24E+400 ~44,22E+400 ~1.01E+400 ~6.27E-01
5)=3.250E-03 N«GOE+00 0.00e+400  0.00F+00 O0.00E+00 0.00E+00 0.00E+00
4)=2,750E-03 Se6BE+00 5.6TE400 5971400 6.29E400 6.49E400 6.52E400
3)=1.500E-03 5.68E400 S5.89E4+00 6.26E+00 6.64E400 6.75E400 6.80E+400
2)=5.000L~-04% 3.18E400 S5.,93E400 6¢36E400 6.77E400 6+86E400 6.91E400
1)=U.000€400 3.18E+400  5.930400 6436E400 6.77E+400 6.86E400 6.91£+400
XUCLIX) 1= 0,000 2= 0,050 3= 0,095 = 0,145 5= 0.179 6= 0.192
FIELD vALUCS OF v —————- bbbt datab b P 2 V crscmermccnecrecccacee
9y=9.000E~03 U.00E+00 O0,00F+00 O0.00F+00 0+00E+00 0.00E+400 0,00E+00
8)1=74375E~03 BsUDE+OU =4,98E=24 ~1.50E-04 1.17E-04 =4.18E-03 ~2,15E£~02
7)=5.750E~03 0«00E+0U -6,53E~24 ~Y4409F-04 =1,14E-05 <5.34E-03 -2,87€~02
6)=4+250E-03 0+00E+00 -2,86E-24 ~3,230~04 -1,95E-04 =1.37E-03 =-1.24E-02
5)1=3.500E-03 0+00E+00 O0.00E+0C 0.008+00 O0.00E+00 0.00E400 0.,00E+00
4)=3.n00E~03 n.00E+00 O0,00E+00 0.00€+400 O0.00E4+00 0.00E+00 0.00E£400
5)=24125E-03 0.00E400 «1,29E-02 «1.63F-03 ~5.28E«04  2.16E-03 1,77E-07
2)=1.U000E-03 CeUUE+UU -3.89E-02 ~2.44E-03 =4,82E-0% 1.47E~03 1.57E-04%
1)=0.n00E+00 0+00E400 0.00E4N00 0.006+400 O0.00E+00 0.00E+00 O.00E+0QO
xX(1x} 1= 0.000 2= 0,030 3= 0,070 4= 0.120 5= 0,172 6= 0.188
N Kl ¥ g

0+00E+00
=1«56E+00
=8+85E-01
=9.04E-02
9+10E-02
5¢33E~17
6+56E400
6+80E+00
6¢89E400
6+89E+00

7= 0.200

0+00E+400
=1.24E-01
~1+52E-01
=6+54E~02
0.00E+00
0+00E+00
4e34E-03
3.11E~03
0+00E+00

7= 0197

0,00E+00
~2.23E400
-9,75E=-01
9.14E-01
2.33E+00
3.27E400
4.24E+00
4,99E+400-
5.20E+400
5.20E400

8= 0.,205

0.00E400
=2.47€-01
=3.52E-01
-1.20E-01
2.27€-01
6.17€=-01
3.81E-01
1.70E-01
0.,00E400

8= 0.202

C.00E+ON
0,00E4.00
0.00E400
0.0UE«DOC
0.00E400
0.00E+00
0.00E+00
0,00€E+00
0.00€E400
0.00E+00

9= D.210

0.00E+0n
8,03E-01
1.39E400
1+55€+0n
1.50E+00
1.39E+00n
1.07€40n
5,21£-01
0.00£400

0.00£+00
0.00g+0U
0.00E+0U
0.,00£+400
0.00E+400
0.00E+00
0.00£400
0.00E+00
0.,00E+00

9= U.207 10= 0,210



€9¢

FIELD VALULS (1 EHTfl weemvcesmmccemanc o [ THemomce oo s eee e e mnase
YALDIZTfOLT <05 6. 38402 €.3BL402  7.380402 T.636402 CoBLE402 6,45F+02 60296402 64236402 6.20E602 60196402
Y4 FIZB.006L~R3 . -5.36L4UY «RL30E405 <2707 405 ~2.13E405 ~1.48C405 ~1e1TE405 ~Le20E405 =3 23E405 <1.25040% 6. 18E40<
YU BI=6.7500 =05 =5, S3E4U5 ~5.33( 405 2677405 2106405 1470405 =1.20E405 =1e21E+05 =1224E+05 ~1426E405 6186402
YO 712907501203 ~3,55E405 ~3035E405 ~2.600+U5 ~2,106405 ~L1e4TE4D5 ~1.20E405 =1+21E405 =1,24E405 ~1+26€405 6.18E+402
YO 61Z3.7500~08 . -3.35E400 ~3.35E405 ~2.71E405 +2013E405 14496405 ~1.20E405 =1421E405 ~1.256405 =1.27E40% 6+1BE402
YO 5)=8.2500-08  4,LYL402  H.BYL402 5.110402 5.21£402  4.SHE402 4.120402 4.04E402 -1.26E+405 ~1.2PE4+05 6.18£402 i
YL 4IZ20TH0E-03 -2, 3HE40% ~1.42E405 ~1e52F 405 ~14370405 ~Le31€405 =1.29E405 ~1e28E405 =1.280405 ~1.265408 6.18E402 %
YL 3)=1.5000-03  -2.34E40% ~1.B4E405 =1.65F 405 =1.43E405 ~1e34E40% ~1432E405 ~1.30E405 -1.30E405 ~1.29E405 6.17E402
YU 2)=5.u000-04  -4.72E406 ~3.176405 ~1eHOE405 ~1.47E405 ~1.35E405 ~1.33E40% =1.316405 ~1.316405 ~1.30E408 6.176402
YO 1)=UtGUE $00  ~4 708406 -3.170405 ~1060F 405 ~1o4TE4DS 1366405 =1.33E405 ~1.31E+405 ~1.31E405 -1.30E405 6.176402

X{1X) 1='6,00u 2= 0,030 3= g.070 4= 0,120 5= 0,170 6= 0.188 7= 0.197 8= 0.202 9= 0.207 10= 0,210

FIELU VALUES OF f#  ce-=- et e — e e e TSI S :

Y{103=3.000L-03 3.72E=02° 3.72L~02 - 3.72F=02 3.726-02 2.72E-02 3.72E-02 3.72E-02 3.72E-02 3.72E-02 3,72E-02
YU 91=6.n00F-03 3.72E-02 3,726-02 3.72E-02 3.72E-02 3.72E-02  3.72E-02 3,72E-02  3.72E-02 3.72E-02 3.72E~02
Yt B)=6.750C-03 3,72E-02 3.72E~-D2 3.72F~02 3.72E-02 3.72E-02 3.726-02 3,72E-02 3.72E~02 3,72E-02 3.72E-02
YU 73=4.7500~05 3.72E~02 5.T2£~02 3.726-02 3,72E-02 3472E-02  3.72E=-02 3.71E-02  3.71€-02 3.72E-07 3.72e-02
Y{ €1=34750t-n3 3 72E-02 3.T72E<02 3.72F-02 3.72E-02 3.72E-02 3.720-02  3.71E-02 34T0E<02 3.,72E-07 3.72e-02
Y( 53=3.2500-03 0.0BE400 . 0.00E400. 0.90F+00 0.00E+00 0.00E+00 0.00E+00 O©,00E400 3.70E-02 3.72E-02 3.72E-02 5
Y( 43=2750F-03 8. 00E400 3,01E~02  3.£27-02 3.73E-02 3.78E-02 3.74E-02 3.74£-02 3,72E-02 3.72E-0> 3.73g-02 f
Y 3)=1.%00F-03 (.0pE40U  3,820-92 3.79E-02 3,75E-02 3.756-02 3.74E-02 3eTHE~D2 3.TY4E-02 3.73E-0> 3.73E-02 ;
Y( 2§=5,0000~-34 1.002400 6.65E-02 H.070-02 3.7BE-02 35.75E-02 3.75£«02 3.74E-02 3.75E-02 3.74E-0> 3.7%E-02 .
Yi Ly=U.n0UL+00 1.006400 6,865t~p2 4,07C-02 3,78E-02 3.75E-02 375602 3.74E~02 3.THE-02 3.74E-0> 3.74E-p2

X(EX) 1= 0.000 2= 0,030 3= ¢,070 4= 0.120 5= §.170 6= G.188 = 0.197 8= 0.202 9= 0.207 10= 0,210 .

FIELD VALUES OF FUEL —eww-sccocecemm e [UfLesc~erocterercconmcnen
Y(19)=3.000E-03 F.13E-08 9,13E-08 1.850-06. 4,55£-05 1.56E-03  3,S7E-02 3.71E-02 3.71E-02 3,72€-02 3,72€-0¢
Y{ 9y=8.0000-03 Fol2E-08 F.130-08 1.85[ <06 4.55E-05 1456E<03 3.S57E~02 3.71E-02 3.71£-02 3.72E-02 3.72E-02
YO B)=6.750L-03 R BYL=UE B UIE-OB 1.80F-U6 H.4YE-05 1.52E~03 3.56E-02 3.70€<02  3,71E-02 3,72E-02 3.72e-02
YO 7)=4.750E-03 Bo2BE-0B . B8,2BE-08 1.67f~06 5,13E-05 1.44E-03 3,55E-02 3,70E-02  3.T1E-02 3.72E-02 3.72€-02
Yl 65)=3,750F~03 B L1E-U3 B.11L-0B 1.63%-06 4.02E<05 1.41E-03 3,.55€-02 3.70E-02 3.70E-02 3.72E-02 3.72£-02 ;
Y{ 5)1=3.2506-03 D O0E40D 0.00E400 0.00E400 0.00E400 0.00E+00 0.00E400 O0.00E400 3,70E-02 3.72E-02 3.72e-02 ;
YO H)=2.750f-03 0.,0DE400 - 3,01€-02 3,62F-02 3,73E-02 3.,74E-02 3,74E-02 3.74E~02 3.72E-02 3.72E-0>  3.72e~02 :
Y1 31=1.5000-03 G OUESUUT 3,820-02. . 3.790-02 3,75E-02 3,75E-02 3.74£-02 3eTHE=02  3.74E-02 3.73E-05 3.73e-02 K
Y 2)=5,.030E-04 1,00T406 6,65¢-02 4.070-02 3,78E£-02 3.75F-02 3.756-02 3.74E~02 3.,74E~-02 3.74E-0> 3.79E-~02
Y¢ 1)=U,u00L400 1.00E400  6.,65€~M2 H.07€-02 3.78E-02 3.750-02 3.79E-02 3.74E-02 3THE=02  3.T4E«02 3.74E-02

XOIRY 1= 0.00V = 0.030 3= 0.070 4= 0,120 5% 0,170 6= 0.188 7= 0.197 8= 0,202 9= 0.207 10= 6.21V

AIITVAYD ¥00d J0
ST HOVd TVNIDINO

L
N R
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e FILLU YaLULS ¢
: Y(10)=Y.000L-03
i ; Y{ 9)=B.OOUE-03
T ‘ Yt B}=h.750L-43
CY T1=%.750L -93
o Y{ 61=3.790F-03
. i 5)1=3.2500-u3
; Y1 4)=2.7507 <05
i i : Syt 3)21.5008-93
¥ 21=5.0000-04
Y{ 1)=U0.00UL430

f‘ X(1X%)

FIELD VALUES OF
o ) Y(1U)=Y.600L-03
i Y{ 31=2.000£-03
Y{ BY=e.750L~-03
YU 7y=H.7500-03

i

; Y( 63=5.7500-335
o Y{ S5)=5.250F.-05
ot YU 8322, T50F ~143

‘ Y{ 31=1.500L-03
; Y{ 2)y=5.U0GE~-0y4
§ Yt 11=U,000L+00

X(1X)

—t FIELL VALUES OF
3 ' Y(10)=9.000F-035
i Y{ 9)=8.000E-03

wd Y( #)=6.750L-03

k ‘ YU 7)=%.750E-03

o , Y( 6)=5.750L-03

Y1 S)=5.250E-93

Y{ 4)=2,750C-95

ol : , Y 3)=1.500C-03
I FU YU 2)=5.000E-04

YU 1)20,000L400

X{1x)

FoU5L-15
FJHIE-15
9.97t-15
9.97E-15
9.48¢-15
0.00E+00
6,41F-32
6.49L-32
£.83L-32
6.83L-32

2= 0,030

4,18E-06
4,18E~-06
4,130 -06
4.06E-N6
4,01£-06
0.00€4+00
1.71-24
1.70€-24
1.77€-24
1.77E-24

2= 0,030

2.58£-08
2.58F-08
2.52L=-08
2.48c-08
2.47c-08
0.006400
BeBSL-27
8.83L-27
9.19L-27
9.19E-27

2= U,.030

e ——————— —————e— 1

2e910-14
2217 ~14
305714
3.00F-1%
2+09F -14
Ne00 40N
24557 29
2452 -29
24510-29
2¢51F -29

3= 0,070

B T T S ~—wa. HO

e RIE~06
4483E~-06
4401 ~06
He79F -06
4.77£~06
0.00E400
T.247=-22
7.10fF-22
7.00£=-22
7.00C-22

3= 0.070

2,28€£-15
2,28€+15
2.37E-15
2.56E~15
2460E~15
0. 0UE+0Q
1.11£-21
9+15E~22
8.108-22
8.10E~22

6= 0,168

4.38E~06  1.82E-06  7.70£E-08
4.3BE-06 1.82E-06 7T.70E-08
1.B5E-06 7T.94€-08
4444E-06 1.93E-06 8.51€-08
Y445E~06 1+,96E~06 B.64E~08

0.80£400

3.69E-19 - 1.89E~-16 3,52E-14%
1.79E-16 2.89E-14
3.54E<19 1.73E-16 2+55E-14
3.5%E-19  1.,73C~16 2.55E~14%

6= 0.188

mmeee HO2wmvacmcorrncnnnnccnnna

2.56£-08
2456F=-08
2+53E-08
2.52€-00
2+52F 08
0.00F400
3.75F~24
3.68F~24
3.62E~24
3.62F-24

3= 0,070

3.99E-10
3.99E-10
4.11E-10
4.39E~10
%445E-10
0+.00E400
1.820~16
1.50E-16
1.32E-16
l.32€~16

= 0,188

1.49E~16
1e49E~16
1. 74E~16
2+31E-1¢
2+47E=16
0.00E+00
1.24E-19
T«31E-20
S5«28E-20
5.28E~20

7= 0197

4+95E-09
4.95E-09
5.75E-09
7.61E~-09
8s+11E-09
0.00E+00
4,00E~12
2.34E-12
1.68E-12
1.68E-12

7= 0.197

2¢56E-11
2.56E~-11
2+97E-11
3.93E~11
4.19E-11
0.00E400
2.07E~14
1.21€E-14
8469E~15
8.69E-15

7= 0.197

?2.52E-17
2+52E-17
2.86E-~17
3.25€-17
2.47€-17
1,50E-17
7.38€-18
2.23C-18
1.15€-18
1.15€E-18

8x 0,202

B8.,24E-10
Be24E~10
9.32€-10
1.05€-09
8,03E-10
4,88E-10
2.39€-10
7.18E-11
3,69E-11
3.6%9E-11

8= 0.202

44,26E-12
Y,26E~12
4.,82E~12
S.4S5E-12
4.15€-12
2.52E-12
1.24E-12
3.71€~13
1.,91£-13
1,91€-13

Bz 0,202

1.57E-17
1.57E-17
1.53E-17
1.48E-17
1.18€-17
9.12E~18

6.78E-18

3.60E-18
2+54E~1A
2.54E-18

9= 0.207

5.08E=-1n
Se.U8E~1n
4.96E-1n
4+79E~1n
3.81E-1n
2+94E-1n
2.18E=-1n
1.16€E-1n
8.13E~11
8,13E-13

9= 0.207

2+63E-12
2463E-12
2.57E-12
2.48E~12
1.97€=-12
1.52g-12
1.13E-1>
S.98E-13
4.20E-13
4.20E~13

9= 0,207

1.57e-1/
1.57¢=17
1.53%€-17
l.48g-17
1.18g-17
9.12£-18
6.78g~186
3.6VE-38
2.54E~18
2.54£-18

10= 0,210

5.08C=1U
5.08£-10

4.96E-1U
4,79£-10
3.81€-10
2.94%E-10
2.18g-10
1l.16£-10
8.,13e~11
8.,13g£-11

1u= 0,210

2.63g-12
2.63g-12
2.57e-12
2.4BE-12
1.97g-12
1.52g~12
1.13g~12

5.98g-13

4.20e-13
4.206-13

1u= 0,210

on



S9¢

FIELD VALUES oF
YOL0)=2.000H-038

i
!
\£
Y
¥
Y
Yt
Y
Yt

Dy =bulilt =03
B)=be 7500 «03
T)I=8. 790863
6)=3.7508 -n3
5)=3,250L-03
By=2+750=03
$3)=1+500F =03
231=5.0000-04
I)=b.oU0LC4+00

X{Ix)

FIELD VALUES OF
Y(10)=9.000F-03

Y
Y
Y
Yt
A
AL
e
Y
¢

21=0.0000L-03
8)=6,750t =03
7)=4750L=03

6)=3+T50F~03

5)=5.2500-n3
4)=2750E-03
3)=1.500L-03
2)=5.006L=-N"
1)1=0.000+00

X{IX)

FIELD VALUES OF
Y(10)=74000E-03

Y4
1t
Yy
e
Yi
Y{
\£
Y4
Y

$)=8.000L-03
8)=be750L-03
Ti=he250C-03
6)=5.750E-03
53=34250C-03
4)=2.750E-03
31=1.500L-03
21=00U0E~-0"
1y=U.0U0F %00

X(IX)

L TR ettt S D

HotuE-09" 6,41L-09
HetE=UT 6L -119
faull «09 6,51F-09
£e91E-09 6,511 09

6 HSE-09  6.45t-09
N 00E+00  0.00t 400
U, U0L+UU. 1.11t-26
0.00E40U 1.12¢-26
NL,00E+0U  1,19:-26
04UOE+0U. 1.19E-26
1= 0.000 2= 0,030

7.390L-01 7.39£-01
7.39L-01  7.39E-01

7.39C-01  7.39€£-01
7.39E=01 7.390-01
7+39E-01 7,39L~01
0.00E+00 .- 0.DOE+NO
7.6080=01. 7.45L-01
7.68E-01 7,39t-01
0.00E+00 . 7,17¢-01
0 U0E+0Y 7,17 -D1
12 0,000 2= 0,030
F'@ asmmme=n R
9,.13E~-08 9.13L-08
9,13E-08 9.13(-08
n,89E-08 " A.8Y9L-08
2¢28E-08  3.28L-08
A 11E-08 ' &,11f-08
1, 00E400 0,00E400
0.00E+00 - 3,01p-02
(. CUE+UL 3,82E-02
1.00E40UU . 6.65£-02
1.00E+00  6.65E-02
1% 0000 2= 0,030

19 eeemesmecc—ema——a

3.91t-10
3.91€-10
4,03E-10
4,31£-10
4.37E-10
0.00€400
1.89€E-16
1.576-16
1.39E-16
1.39€E~16

6= 0,188

T«39E-01
7.39€-01
T+39C-01
T+39E-01
T.39£-01
0+00£+00
7+39€E-01
7.39E~01
7.39E-01
T7+39E-01

6= 0,188

3.576-02
3.57E-02
3.56(~02
3.55E~-02
3.55E~02
0.00£400
3.74E-02
3.74£-02
3.75€-02
3.75€=02

R »
------ 1120=cmmmmiaom e accmmcee o
8413E-U9 1.01E-08 9.18C=09
B:13F=-09 1.01E-08 9.108£-09
Be220=U% . 1.02E-08 9.31£-09
Be21F~09 1,02E-08 9.,49FE-09
0¢3120-09 1,01£-08 9.47E-09
DeN01'+00 C.O0UE+00 0.00£400
4.406-24 2,13E-21 1.04E-18
He36F~204 2,10E-21. 9.95€E-19
4,35F-24  2,0BE-21 - 9.66F-19
$435F-24 2,0BE=21 9.6RE~19
320,070 4= 0,120 S= g.170
..... o N2 ccccemsvemccticrenean~
Te39F~01 7.39C-01 7.39£-01
T+39 -0 T.39E-G1 7.395E=-01L
T+39F=01 7.39€-01 7.39E-01
T+39E-01" 7.39C-01 7.39£-01
Te29F-01. 7.39E-01 7.39F«01
0«.POFE+00 0,00E+00 0.Q0E+00
T«40F=01 7T439E=01 7.39E-01
Te39E=01 7.39E-01 7.39E£-01
Te37E~01 T743%E=01 7.39E-01
7.376-01  7.39E-01 7.3%9E-0%
3= 0,070 4= 04120 5= 0,170
..... e [ cwe—emesccsccccenemeone
1.B5F =06 f1.55E~05 1.56E-03
1:850-06 4,55E-05 1.56E-03
1.80F-06 H4.44E-05 1.52E-0%
1.67€-06 4.13E-05 1.44E-03
1.63E-06 4,02E-05  1.41E-0Z
0.00FE+400 0.00E+00 0.00E4+0D
3.62E-02 3,73E-02 3,73E-02
3.79F-02 3,75E-02 3.,7%C~02
4.070-02  3,78E-02 3,75€E-02
Y4oNTF~-02 3S.78L-02 3.75E=02
3= 0,070 4= 0,120 S= 0,170

6= 4,188

2.54E~31
2.54E-11
2¢96E~11
3.926-11
4419E-11
0.00E+00
2¢12E-14
1.25E~-14
9.03E~-15
9.03£~15

7= 0197

T«35E-01
Te39E~01
T+39€-01
T+39E~01
T+39E€-01
0.00E+0D
7+39E-01
T+39E-01
T+39E-D1
T+39E-01

T= 0e197

3.71E=02
3.71E-02
3.70E~02
3.70E-02
3.70E~02
0.00E+40D
3.74E~02
3.74E-02
3.74E-02
3e74E=02

7= 0197

4.31E-12
4.31E-12
4.87E-12
5.51C=-12
h421E-12
2.56E-12
l.26E=-12
3.80E-13
1.96E-13
1.96E~-13

8= 0,202

7.39E-01
7.39E-01
7.39£-01
T«40E~01
7.40E-01
T.40E=-01
T7.39E-01
T.39E-01
7.39£-01
T.39E-01

8= 0,202

3.71E~02
3.71E-02
3.71E~-02
3.71E-02
3.70E-02
3.70E~02
3,72€-02
3.74E-02
3.74E-02
3.74E-02

8= 0,202

2.68E-1> 2,6HE-12
2468E-12  2,68E-12
2.62E<12 2,62€-12
2452E-12 2,52€-32
2+.02E-12> 2.02€-12
1.56E-1p 14S6f=12
1el6E-1> 1.16E-12
6415€-13 6.19E~15
4o33E-13 4,336-18
4433E-13 4,33E-13

9= 0.207 10= v.21V

7.39E-01  7.39¢-01
7.39E-01 7439E-01
7.39E-01 7.396-01
74396201 7.39E-01
7.39E-01 7.39€-01
7.39E-01 7.39£-01
7e39E-01 T.39E-01
7.39E-01 7.39€-0l
7.39€-01 7.396-01
7.39E-01  T.39E-01

9= 0.507 10= 0,210

3.72E-02 3.72E-02
3.72E-02 3.72€-02
3.72E-02 3.72e-02
3.,72E-02 3.72E-02

3.72E-02  3.72E-02
3.72E-02  3.72E-02
3.72E-02 3.72€-02
3.73E~-02 3.73E-02
3.T4E-02 3.T4E-02
3.74E-0> 3.74£-02

9= 0.207 10= v,210
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§LELE VALUCK OF
Y{1(y=F. gOLE-03

A
¥l
rt
Yt
\8
A4
L
Y
T

Yy=Beu0f =N
Bi=0eT50L 03
1)1=%+753[ ~03
6)=5.75Gf.=03
S)=Sexb0L-n5
4)=2.7500=n3
31=1,500C-03
21=0.000L=DY
1)=U4a001, s00

XEIx)

TFIELL VALUECS OF
Y(10)=9.000E-03

Tt
A
Y
i
Yt
Yt
Y
h it
Yt

gy=d, DOOL=-03
81=b.TH0H =03
Ty=4s730L~03
6)=3.750F ~n3
51=3.250F -3
§)=2.790E=-03
3)=k.500t-03
2)=5.000E~-04
1y=U.pobE40Y

LRSS

FIELD VALUES. uf
¥(10)=9.000E-03

Y
Y
Y
Yt
T¢
AR
Y
Yi
Yyt

9)=8,(00L-03
B)s6.750E-13
73=49.790E-03
61=3.750E =03
5)1=25.2500-¢:3
4122 7150E-05
3)=1.500L-03
2)=5.000E-04
1)=0.000L+00

X{1%)

0, e e e e ay
ToHBE=-02 T.H3E-02 T.400-02
T HBE-02 - T.B81-02 7.440-02
THBE-02 7.48L 02 T.43L-02
T HGE=02  Te48 =02 7.4pF-02
T.H48E=02 7.48L-02 To4pr-02
4.00C400 10.00L4N0  N.NOE+OD
de32b-01 2.25e-01 2.724F-01
2e32E~01 2.23E-01 2.23£E-01
N,00E40U 2.,17¢-01  2.03F-01
N,O00E4UYU  2417L-01 2423F=01
1= ¢,U80 2= 0,030 3= g.010

€0 eeee=rocecemcecceraaco CO
1.13E-09 14,13EL-05 1.62F-05
1.13E=05  1,13C-05 1.62E-05
1.15E~0Y 1,19 -05 165705
1.,19E=05 1,15t-05 1.65C-05
1.13E~05 - 1.13L-N5 1.62E~05
1H.V0E400 " 0,00t400 0.00F400
0.00E400 5,B5E«20 5SeuSF-20
0.00E400 S.B5t-20 5.85(-20
0.J0E400 5,85E+20  S5.85€-20
N UO0E40ND 5,085E-20 S.AS58-20
1= 0.U00 2= 0,030 3= 3,070

cn2
1.,02E-01
1,02e-01
1.,07E-01
1.02E-01
1,02E-01
N.0CE+00
0. U0E400
0,00E400.
. 00E400
0,00E400

= Q.000

1.02e~-01
1.02e-01
1.U2E-01
1.,02£~-01
1.,02¢<01
0.00t400
S5.50E-11

5.50F-11"

5¢50E~11
5.50E~11

2= 0,030

1.02-01
1.02E-01
l.02L-01
1.026-01
1.020-01
O.UDF 400
5450F-11
5¢50E-11
Se50F~11
Senf-11

0,070

T1.49€E~-02
T.49E-02
Te49E=02
T49E-02
T49E-02
0. Y0E+0U
2.23E-02
2e23E-01
2.23E-01
2.23E-01

4=

U.120

8+-10E-02
Bs10E-02
B«09t =02
8.05F=02
6+04E~02
0.00£400
223E~01
2423C-01
2.23E-01
2.23E=01

5= 0.170

2.17€E-01
2.17€-01
2.17E-01
2.17€-01
2.17¢~-01
0.,00£400
2.23E-01
2.23£-01
2,25E-01
2.23e-01

6= 0,188

2.20E-05
2.20E-05
2,24E-05
2. 24E-05
2,20E~-05
0.00E400
5.85E-20
5.85L+20
5.85E-20
5.85E-20

4=

0.120

Cl2cecmcmmanna

1.02E-01
1.02€-01
1.02E~-01
1,02€-01
1.02E-01
0.00E400
5.50E-11
5.,50E-11
S5.50E~11
5.50E-11

4=

0.120

1.97€-05
1.97E-05
2.01€~05
2.06E-05
2.05E-05
0.00E+00
5.85E-20
5.85€-20
5.85€-20
5.85E-29

5= 04170

4.3BE-12
4.38g-12
4.51E-12
4%,81€-12
4.88£-12
0.00E+400
S.B85E-20
S5.85£-20
5.85€£-20
5.85E~20

6= 0,188

9.78E-02
9.78C-02
9.79E~02
9.81E~02
9+82E£-02
0400E€400
S.50C-11
SeSO0E-11
Se50L~11
Se50E-11

5= 0.170

4.12€-03
4.126-03
4.25£-03
4.52£-03
4,59£-03
0.00E+00
5.50E~11
S.50E-11
5.50E-11
S.5UE-11

6= 0.180

2+23E-01
2.23E-01
2423E-01
2423E-01
2+23E-01
0.00E400
2023E-01
7.23E-01
2.23£-01
2.23E-01

7= 0197

2.85E-13
2.85€E~-13
30325’13
4439E-13
4.69E-13
0«00E+00
1+.96E~16
1.20E~1¢
Te62E~-17
T.62E-17

7= 0.197

2+.60E-04
2.68E-04
3,12E-04
3.13E-04
4.41E-04
0.00E400
1.84E-07
1.13E-07
7+17€-08
7.17E-08

7= 0197

2.23€-01
2.23f-01
2.23eE-01
2.23€-01
2.23€E-01
2.23E-01
2.,23E-01
2.23E-01
2.23E-01
2,23E-01

8= 0,202

4.82E-14
4,82E~-14
S, 4S5E-14
6.176-14
4.70E-14
2.86E-14
1.40E=-14
Y.24€-15
2.17E-15
2+17€-15

8= 0,202

44,53E-D5
4.53E-05
5.13e~05
5.80€E-05
4.42€-05
2.69E-05
1.326-05
3.98€£-06
2.04€-06
2.04E-06

B= 0.202

2.23C-01
2.23t-01
2.235E-01
2423E£-01
2+.23E-01%
2423E=-01
2.23€-01
2023€-01
2.23E-01
2+23E=01

9= 0.207

2+99E-14
2.99€-14
2492E«34
2.82E=1y
2.25E-14
1T74%E-1y
1.29E=14
6.81Ea1x
4.79E-15
4.,79E-1%

9= 0.207

2.81E-05

2.61E-0%

2.75£-0S
2.65€-0%
2.12E-0%
1.63E-08
1.21E-0%
6.40E-0f
4,51t -0
4,51E-06

9= 0.207

2.23e~-01
2.23€-01
2¢23E~01
2,23g-01
2.23E-01
2.23e-0)
2.23€-01
2.23€-01
2.23E-01
2.23g~01

1U= u,219

2,99E-14%
2.99E-14%
2.92E~14
2.82E~14
2.25E-14
1,7%8~-14
1.29E-14%
6,81E-19
4.79E-15
$.79e-15

1= v, 210

2.81£-05
2+.81€=05
2.75e=0%
2.656=0%
2.12€-0%
1.63E~-0%
1.21£-05
6.406-06
4,51E=-06
4.51E-06

10= 0,210
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TIELD O VALULS . 0) 1 ceemmce e ——— bmmm———— H comcoommrcacvaceranone
Y(10)=2.0000~058 ' 1,42t =09  1,920-09 ° 3,331 -09 5.,29E-09 4,55€-09 3.65E-18 2.37E~19 4,01E-20 2.49E-20 2.49C=20
YO D284000E <03, 1,926=09 1921 =009 3,387 =09 5.29E+09 4 5S5E=09 3,65C~18 2437E€-19 4.01E-20 2.49€-20 2449E~20
Yt B)=b.750E-03 Le97h=0Y  1,970-09 3.41T-09 S5.41E-09 4.68E-09. 3,75E-18 2.76E-19 4.53E-20 2,43E-20 244320
YO 7Yz 750013 1,97L=09" 1976409 3.40€-09 5.81E-09  4eB5E=-09 #4,00E~18 3.,65€-19 5.13E-20 2.35E~20 2¢35E-20 i
Y{ 6)=5eT50E~03 L 1.92E6-09  1.92€-09  3.32F-09 5,20C-09 4.83C-(9 4.06E-18  3.90E-19 3.91E-20 1.87E€-20 1.87E~20
YU S5)=3,2500-03 0.00L¢00 0.00£400 0.N0C+N0  0.00E4U0 0.00E+4CO0 O0.00E400 0.00E+UD  2.3BE=20 1.44E-2n 1 44E=-20
YU 4)22.7500-03  0.00L+0U  4,086E-26 B A6F-26 §.B6E=26 4, BEL~Z6 U BOE-26 1:63E=22 1.17E-20 1.07E-2n 1.07€=2V
YU 3)=1e5000L-D3 . 0JUOE4UU 4 ,86F-26 H.8LI-26 H.06E=26 U4 BEE-Z6 B.B6E-26 9,96E-23 3.52F-21 5.66E-21 5¢66E-21
Y 2)=9.000E-04 ; 0.00C+0U  4,86E-26 . 4.BAC-26 4 BE6E=26. 4,86€+26. 4.86[-26 6o34E~23 1.80E<21 3.98E-21 3.98£~-21
YO 1)=UJI0UE4UU - 0L U0E+UU - 4,860 ~-26 HeBAF =26 U.B6E-26  HeBEE-26 §,B6E-26 6e34E-23 1.80F-21 3.95L-21 3.98F=21

X{1x} 1= 9,000 2= 0,030 3= 0.070 4= 0,120 5= 0,170 6= 0,188 7= 0.197 8= 0.202 9= 04007 10= 0,210

FLELD VALUES U N2 wo-emccomcoconoaoon o |- —— m——— e
YI10)=9.000E=03  §.42E507  5.42E-07 7.43E-07 9.69E-07 B.736-07 1.20E-12 7+77E-14% 1.31E-14 B.15E-15 Be1SE-15

Y( 9)=8.000E-U3 5,42E-07 5.420-07 7.430~07 G.69E~07 B.73E-07 1.206-12 7.77E-14 1.31E-1% B.15E-15 8,15e~15

YU 8)=6s750E-U3 . 5.51E-07  5.51F-07 7.53F-07 9.82E-07 B.BOE-07 1423E-12 9.04E-14 1.49F~14 7.96E~1% Te96E~15

Y( 7)=%a750L-03 - 5.51E~07 S5.51E-07 7.526-07 9.B1E-07 9.07E=07 1.31E-12 1.20E-13 1.68E-14 7.69E1f Te69E~15 ;
YU 6)23.750E-08  §,43E-07 S5.43£-07 T.42F-07 9,68E-07 9,05E-07 1.33E-12 1.28E-13 1.28E-14% 6.13E-1% 6,13E-15 ;
Y{ 5)=3.250E-03 Q. UUCH0U  0.00L+00 0.00F+00 O0.OUE+00 0.00E+00 0.00E+00 0.00E+U0 7.B0E-15 §.73E-15 4.T3E-15 H
Y{ 4)=2.7500-03  0.006+00 1.59E-20° 1.59E-20 1.59E-20 1.59E-20 1+59E-20 5.34E-17 3.82E-15 3,51E-1% 3.51E=15 :
YU 3)=1.500E=038 (1, 006300 1.590-20 1.59E-20 1.59E-20 1.59E=20 1,59E-20 3.26E~17 1.156-15 1.B5E-15 1.B5E-15

YU 2)29.0000-04" 0 0,00L40U0  1.590-20 - 1.59E-20 1.59€-20 1.59E-20 1.59E-20 2.08E~17 5.91E-16 1,31E-15 1,31g-15

YU 1)=0.4000 ¢0U - 0,006+400. 1.59E-20 1.5%F~20 1.59E=20 1.59E-20 1.59E-20 2.08E-17 5.21F-16 1.31E-15 1.31F-15

X(IX}) = 0.000 2= 0.030 3= 0,070 4= 0.120. 5= 0.170 6= 0,188 7= 0.197 8= 0.202 9= 0.p07 10= U, 210

~ ¥

FIELD VALUYES OF  HOO e-=n=row- e — e ————— H2D e em e v ——— demme—a—— p
Y{10)=9.000E~NS R.36E-02 B.36[-02 0.36E-02 8,35C-02 8.01C-02 3.38E-03 2.19E-04 3.71E~05 2.30E-05 2.30E-05 )
Yt 91=8.000L-113 B.36E-02 'B.36L-D2° B.36E-02 B8.35£-02 8.01£-02 3.3BE-03 2.19E-04% 3.71E<05 2.30E-0% 2.30g-05 *
YU 8)=0.7500-03 . 0B.36E-02 B8.36E~02 B+35E-02 8.35E-02 B8.02E-02 3,48F-03 2.55E-04% Y4.20E-05 2.25E<05 2425E-0Y :
Y{ 7)=44750L-23 £e36E-02 B.36E-02 B8.36E-02 B.35E-02 3.04E~02 3.70E-03 3.3BE~04 4,75E-05 2.17E-05 2.,17E=-05
Y{ 6)=3.750E~013 Ry36E~02" B.36L-02 B.36F-02 B.35£-02 B.04E-02 3.76€-03 3.61E-04 3.62E-05 1.73E-0% 1e73E-05
YO 5)1=8.2508-23 NeDOE+UU  0.00L+00  10.007+00 0,00E+400 (0.D0E+00 0400400 D0.00E+00 2.20E<05 1.34%E«05 . 1.3%£-05
YO 4)=247500-)3 0. 0DE4DD  4,500-11 6,50E-11 4.50E-11 4+S0E-11 4.50E-11 1451E-07 1.08E-05 9.91E-06 9.91E-06
Y{ 3)=1l.50CL-pn3S 0.UDE+00  G4,50E-11 4450F-11 4,50E-11 4450E-11 4.50€-11 9.22E~08 3.26E-06 5.24E-06 S.24E-06
YU 2)=5.000L -0 U.00E+0U  §,.50E-11  4.50F-11 H4.50E-11 4.50€~11 U4.50E-11 SeB7E-08 1.67E~06 3.69E-06 3.69E-06 :
Y{ 1)=U,000L+00 0, 00E+00 4,500 -11 4450F-11 4.S0E-11 4e50E~11 Y4450€-11  SeBTE-08 1.67E-06 3.69E-05 3.,69£-06 i

X(iX) 1= 0.00U 2= 0,030 3= 0,070 4= 0,120 S= 0,170 6= 0,188 7= 0.197 8= 0.202 9= 0,207 10= 0,210

O 400d 10
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‘N
)]
0

{ I LE vALULS OF
YOI =Y. u000L=-03
Y{ 9)=8.ul0l-u3
Y{ 8)=6.7500L-1%
Y{ 7)=%4750t =03
Yt 6)=3,.7H0E-03
Y 51T 20T =S
Y{ 4)=2.750t.-03
YO 331=21.400F=-03
v 2)=05«000L~-0%
vyt 1)=U,0000 40V

Xt1L4)

FILLD vaLULS OF
Y(10)=2.000E-03
Y 9)=6.u00L-03
Y0 8)Z6.750f =03

Y{ 7)=%.750C-03"

YU 6)=3.750L-035
Y{ 5)IR32H0F~03
Y{ 4)=2.750E-03
YU 3)=1.5000~08
Y( 2)=h.nb0OL=-0Y4
Y 1)=0.000C+00

Xe1x)

FIELD VALUES ur
Y(18)=Y.000C-03
YU 9)=08.000E-03

Y{ 8)=6.750(-035"

YO T)=4.7500-03
Y{ 6)=35.750E-03
Y( 5)=3.290L <03
Y{ 8)=2.7500-05
Y{ 33=l.5000-05
Y( 2)=5.000t =0%
YO 1)=G.050L 40U

X(1X})

(4] e - o me——————— 0
1.,27L=07 1.,270-07 2.23C-07
1o27E~01 1,27L-D7 2.23C-07
1.308<07 1.308=07 2.29£-07
1.30L-07 1.30L-07 2.28F-07
1,27E~07  1.27C-07 2.23t-07
N.00C+00  0.00E400 0401400
0.00E+UU 2,521 =24 2.52€-=24%
0.OQE+UU  2,52[. =24 2.52€-24
DeDDE+U0  2,52E«24 2.52F~24%
0. 00E+0U 2,52k -24 2.52€-24
i= 0.U0U 2= 0.030 3= 0,070

O)f  emem~eecemcsameeccea- OH

2.28E=05 2.28£-05 3.21F-05
2.28E-D5 2.2BL-05 3.,21E-05

2+31E~05 2.31E-05 3.26F-05
2.31E-05 2.31E-05 3.26C-05
2.,20E-05 2.2BC-05 3.21F-05
(.00E4+00 0.00L+00 0.00€E+400
0,00E+V0 3.40E-19 3.400-19
0.,00E+00 3,.40C~19 3.40£-19
ULUDE+UU  3.40E-19 3.40E-19
0,00E+00 3.40E-19 3.4pF~-19
1= U.U06 2= 06,030 3= g.070
[} B R L T | ]
1.AGE~01 1,86F-01 1.86F-01
1.,86E-01 1.86E-01 1.86F-01
1.66E-01 1,86L-01 1.867-01
1,86E€-01 1.,86F~01 1.86F=-01
1.86E-01 1.86L-01 1l.86C-01
0.00E+UU 0.00E+00 0.00E£400
0.00£408 1,00E~-10 1.00F-10
0.,00E+400° 1,00e-10 1.00C-10
0.,00E+00 1.00L-10 1.00F-10
0.000400 1,00f-10 1.000-10
1= 0.000 2= U,030 3= 0.0n70

3.59C-07 3.00E-07 1.89C-16
3,59E~07 3.08E-07 1.89E~16
3.68E-07 3.18E-07 1.95C-16
3.68E-07 3.29E-C7 2,00E-16
3.59E€-07 342BE-07  2,11E-16
0.0UE400 0.00E+CO 0.00C+00
2052624 - 2.52E=24  2.52E~24
2e52E-2% 2452E~2% 2.52F-24
2452E-24 2.52E-24 2.52E-24
2.52E-264 2,52E-24 2.52C-24%
4= 0.120 5= 0,170 6= 0.1p8

4429E~-05 3.85€-05 2.55E-11
$429E-0S 3.856-05 2.55E-11
443EE-05 3+92E=05 2.62F-11
4435€-05 4.01€-05 2,79E-11
%029C~05 4.00E~05  2.84E-11
0.00E+00 0,00E+00 O0,00E+00
3440E-19 3.40E-19 3.,40E-19
3.40E~19 3.40€E-19 3,40C-19
3.40E=19 3.40E-19 3.40E-19
3.40E-19 3.40E-~19 3.40E-19

4= 0,120 5= 0,170 6= 0.188
1.86E-01 1.78E-01 7.50E-03
1.86€-01 }.78E-01 7.50E-0%
1.86E~01 1.70E-01 7T.72E-03
1.86E~01 1.79E-0L B.22E-03
1.86E-01 1+79E-GL B8.34E~03
O0+00E+U0 0.00E+00 0,00E+408
1.00E-10 1,00E-10 1.00E-20
1,00£-10 1.0DE-20 1.00€-10
1.00E-10 1.00€-10 1.00E-10
1.00€-10 1.00€-10 1.00E-10
4= 0,120 5= 0,170 6= 0.18B4

1e23E-17
1.23E-17
1e43E~-17
1.90E~17
2+ 03E-17
0,00E+00
B44T7E-21
5.17E-21
3e29E~23
3.29E-21

7= 0.197

1+66E~12
1e66E~12
1.93E~12
2+55E~12
2+73E~12
0+00E+00
1.14E-15
6+96E~-16
He43E-16
4e43E-16

7= 0.197

4.87E-04
4.87E~04
Se6TE~04
T+S2E~04
8.03E-04
0.00E+00
3.35€-07
2+05E-07
1.30E-07
1.30E~07

7= 0.197

2.08g-18
2.08E-18
2.35€E-18
2.66€~18
2.03€-18
1.24E-18
6.06E-%9
1.83€-19
9.36C-20
9.36£-20

8= 0,202

2.80E-13
2.80E-13
3.17E-13
3.59€-13
2.73E-13
1.66£-13
B,15€-14
2.46E-14
1.26E~14
1.26E-14%

8= 0.202

8.25E<05
8425E-0S
9.33€-05
1.06E-04
8.04E-05
4%.,89E-05
2,40E-05
T.25€~-06
3.71E-06
3.71€-06

8= 0,202

1.29€=1n
1,29E=-1n
1+26E=1R
1.22E-1n
9.72€-19
7.50E-19
5.56E<19
2+9%E-19
2,07t-19
2.07€E-19

9= 0+.207

1.74E<13
1.78E-13
1.70E-13
1.6%E<13
1.31€-13x
1.01L-1%
T«48C-14
3.96E-14
2.79E-14
2.79E-14

9= 0.207

5.11E-0%
S¢11E-0%
S.00E-0%
4.82E~-0%
3.85€-05
2497€-05%
2.20E~08
1.16E-05
8,20E~0¢
8.20E-0¢

l.29L-108
l.29€~-18
l.26t-38
1,22€~18
9.72E-19
7.50€~-19
5.56€£=19
249419
2.07€-19
20719

10= u,210

1,74E=-13
1e74E-13
1.70E-13
l.64E-13
1.31€~13
1.01E-13
Te4OE=-14
3.96E-14%
2.79€-14
2.79E~14

10= 0,210

S5.11E£-05
5.11E-05
5+00E-05
4.82£-05
3.85£=0%
2497E-05
2420E-05
1+16E-05
8,20E-06
3,20€-06

9= (.,>07 10= 0,21V
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FEELD VALLLS )
YLL0)=20 Q90«03

Yt 91I=48.000t -23

YU 8)=6.7901 ~g3
YO TISHLTHAT ~u3
Y{ 6)=3.7501 =n5
YU 5)=5.550f-03
Y{ 4)=2.750k-03
YU 31=1e%00L=05
Y{ 21=b.000f ~0%
YO 1)3=0.3000400

X¢1x)

FIELD VALLES O
Y{ 9)=8.LU0[-D3
Y¢ B)=oeT3GE-08
Y{ 71=4.7500~n3
Y{ 615347500138
YU 5)=23.2500~-03
YL 4)=Z2.750L -3
Y{ 3)=1.500E-03
Y 2325, 00F -08

X(Ix)

FIELD VALJES or
Ye1my=9.n001-03
Y( 9)=8.u00t-03
YU 8)=6.750F=03
Y{ 7)=4.7506-03
Y{ 6)=3.750L-03
YU 5)=3.250L-03
Y{ 4)=2.230F-03
Y{ 3)=1l5008-03
YU 2)=D0HU0E-0%
Y Ly=0.000f ¢«00

X(IX)

FIELL VALUES OF
Y{10)=9.000{=-03
Y{ 9)=8.CI0L~03
YU 8)=6475U0L<~03
Yt 7)=8.7500 =03
Y{ 6)=3.7950F-nS
YU 912342500 «03
YU B)=24750F -0
Y{ 3)=1e50UE-03
Y{ 2)=5.J0NL=-04
YU 1)1=U0DUE +00

Xe1x)

THI, escmmecmmanaes e mm————
02300402 R.3BFAN2  T.307 02
1e0dLMUS 3.ABE 103 1.73F 403
Le6BLF03 1 (403 1.730403
1e6BE+05  1.7HF 403 | 1.730+403
1.60E+03 1.68E4103 1.73F+03
4oHIE+02  4.89E402  Se11f 02
2.75E402  2.9704+02 3.15¢¢02
PJTSEA02 2.95L402 3,307 407

CP2.T5LH02 2,920402  3.04F102
2.T9E402  2,920402 - 3.08F402
1= 0.000 2= 0,030 3= g,070

P omm—— - ———————— o —— 4]

-8.16EL+01 -7 BUE4+01 -7.5210+01

~8.16E401 ~7,BUL+01 -7.52F401
~Bs16E+01 =7.800401 -7.52F401
-1 16E+01 =7.B0E+01 =7.52E401
N.UOE+0U 0.,00E400 0,007 +00

20336701 -1.990+01 -3.76E+01

2.57E<01 ~1.99E401 ~3.76C£401
N.0UE4+DU ~1.99E401 -3,76F+01
2= 0.03U0 3= 0,070 4= g,120
RID  —mvre—mre-a e ——————— RHO
#,01E-01 4,01f-01 3.99f(-01
4.01E-U1 4,01C-D1 3.30r-01
4,00€-01  4,00E-01 3.49FE-01
4,00E~U1 4,00L-01 3.89F-01
,01E~01 4,01t-01 3,90E~01
2H5E400  2.450400 0 2.45E400
24952E400  2,28E400 . 2.14F+00
2.52E+00° 2.30F+00 2.176+400
1.40E+40U 2.,260400 2.180400
1.40E+00 2.,26E400 2.18f+00
1= 0.000 2= 0,030 3= p.070
EmMy
1.,19E-63 1,19t-03 1.191-03
1.198=03 1419E-03 1.197-03
1.19E-03 1.196-03 1.196-03
1.19€-03 1,19C-03 1.19r-03
1.19E~03 1,19C-03 - 1.19C-03
1419E~03  1,19t-03 1.19f-03
1419E~03  1.19L-03 1,19F-03
1,19E=03 1,190-03 1,190-U3
1.19L=U3 1419E-03 1.197=-03
1.39E-03  1.19C-N3  1.191-03
1= 0.000 2= 0,030 3= 0,070

L e it TP

TeGUE4U2 6.86E402 6.45E402
1.77F+03  1.76E403  W.226+02
1.78BE403  1477E403, %.,23E+402
1.76E403 1.77E403 4.27E402
1.77E403 1.770+403 4.28E402
5.20E402 H.540402 4.12FE402
3.386402 3.40E402 3.41E+402
3.280E402 3.365400  3,39E402
3.26F402° 3435E402  3,38C+02
3.26E402 3.35E402  3,3BE402
4= (120 S= 0,170 6= 0.188
“5.63E401 ~6461E401 -6.65E401
~6.63E40) «6.60E4+01 -6.63E+01
~6.63E401 -6.60E401 =6.64E+01
~6+63E401 ~6.60E401 ~6.63E+01
0.00E+00 0.00£E+400 0,00£+00
~5+62E401 =6.320401 =-6.65E+01
~S5.62E401 ~64352€401 ~6.656401
~5e62E491 -£.32E501 ~6.65E401
5= 6,170 6= 0,188 7= 0,197
34BlE~01 3.83E~01 1.60E+400
3.81E-01 3,83F-01 1.60E+00
3.80E-01 3,820-01 1.59E+00

3.80E-01 3.81E-01 1.58E+00

mee e e recnaice EFUesc et cm e —————

3.81E-01  3.82F-01 1.57E+00
2.45E4+00 2.45E400 2.45E+00
2.02E400  1.98E+00 1.97E+00
2.0%E400 2.00E+400 1,99F+00
2.06E400  2.01E+400  1.99€+00
2,06E4U0 2.01E400 1,99E+00
= 0.120 5= 0,170 6= 0,168
1,19€-03 1.19E-03 1.19£-03

1.19E-03 1.19E-03 1.19£-03

1.19E-03 1.19E-03 1.19E-03
1.19€-03 1.19€~03 1.19£-03
1419E-03 1.,19£<03 1.,19E-03
1.19C-03  1.19€-03 1.19E-03
1.19£-03 1.,19F-03 1.1%E-03
1.19¥-03 ° 1.190-03 1.1%E-03
1.19€-08 " 1.19E~03 1.19€-03
1.19€-03 " 14196-03 1.,19F-03
4= v.1200 5= g.170 6= 0,188

6+29€+402
3.53E+02
3,53E+402
3.55E402
3.55E+02
Yo QHEHD2
3.uy2E+02
3.40E402
3+39E402
3.39E+02

7= 04197

~6+6TE+D]
~6.87E+01
~6.95E+431
-6+99E401
~T«05E+01
~6+88E+401
=6+82E401
~6479E+01

8= 0.202

1+91E400
1.91E+00
1.91E+00
1+90E+00
1.90E+00
2.45E+400
1.97E+04
1.98E+00
1+99E+00
1.9%E+00

= 0.197

1+19E-03
1.19E-03
1.19E-03
1.19€~03
1+19E-03
1.19E-03
1.19E-03
1.19E-03
1.19E-03
1019E-03

7= 04197

64230302
3.47€+02
3.46€E402
3.45€+02
3.44E402
3.43E+402
3.42E+02
3.40E402
3.40€402
3.40E+402

8= 0.202

-5,68E4+01
~5.82E+01
=5,.78E+01
-5.60E401
~5,46E401
=5.23E401
~5.10E+01
=5,08E£+01

9= 0.207

1.94E+00
1.94E+00
1.95€+00
1.95E+400
1.96E300
1.97E+00
1.97E+00
1.98E400
1.98E+00
1,98E+00

= 0,202

1.19E-03
1.19€E-03
1.19€E-03
1.19E-03
1.19€-038
1.19E-03
1.19€-03
1.1%E-03
1.19E-03
1.196-03

8= 08,202

he20E 402
3.45€402
3.44E400
3.43E402
3.42E+02
3.42E402
3.42E400
3.41E+402
3.40E+402
3.40E+02

9= 04207

1.95E40n
1.95E40n
1.96E40n
1.96E40n
1«97E40n
1.97E400
1.97E+0n
1+98E+0n
1.98E+0n
1.98E+0n

9= 0207

1.198-03
1+19E«03
1+19E-0%
1.19E-0x
1.19L-03
1.19E-03
1419E-0%
1.19E-03
1.19E-0%
14319E-03

9= 04207

6.19E402
6.18E402
Ge1BE*D2
6.18€402
6.18E402
| 5418E4D2
6.18E%02
6.17E%02
6.17€402
6.17E402

10= 0,210

2454E 400
2+ S4E+QV
2.54E+00
254400
2.54£400
2,54E+QU
2454E+00
254400
2054E400
2.54E+00

10= g, 210

1e19€-03
1.19E~03
1le19€-03
1.19€=03
1.19E-03
1e19€E-03
1.19€E-03
1.19€=03
1.19E-03
1le19€-03

10= y,2:1u

VOO ¥00d 40
ovd v NIHIg0

yang
ol ¥



APPENDIX E

UPDATE TO COMPUTE THE STANTON NUMBERS

E.1 Introduction

Apﬁendix E is concerned with the calculation of the Stanton

numbers. The basic theoretical background may be found in
detail in Ref. 7. Therefore only a brief account is given
here.

E.2 Theory

When the shear stress is uniform through a Couette—flow layer
(which implies negligible pressure gradient and mass transfer),
when the fluid properties (apart from turbulence effects

on transport) are uniform, when the wall is smooth, and when .
the Reynolds number R is sufficiently high (>11.5), the
following relations result from integrating the equations:

2
s = [K/zn (ERs*)} ‘ (E-1)
3
S ¥ s/[ot (1+s P)l (E-2)
H = Gt : (E-3)
‘where: is the shear-stress coefficient (=t1/pu?).

s

S is the Stanton number.

H is the recovery factor.

E is the constant in the log. wall-shear-stress
expression. ‘

R is the Reynolds number (=puy/u).

and P is an integration constant.

270

* This value is derived by equating the laminar and turbulent expressions
for shear stress and solving for y+ (the well-known non-dimensional

distance) I.E. it represents the point where the two shear stress curves
intersect.



E can be taken as 9.0 (see Ref. 7), while P is a function
of the laminar Prandtl-Schmidt number o and its supposed
turbulent counterpart, Oy the latter function is fitted
quite well by the relation:

1
9.0(U/Gt-1) (dt/s) (E-4)

(see Ref., 13).

These relations are known to fit experimental data quite well
in situations for which the assumptions apply, e.g. fully-
developed turbulent pipe flows, and turbulent boundary layers
on flat plates. Equation (E-4) should not be used fur o
values below 0.5,

E.3 Computational details

The only routines requiring modification for the six Stanton
numbers?* calculation are SOURCE and WALL.

The first business of WALL is to calculate indices, properly
locating the wall under consideration. Thereafter, if laminar
flow is indicated by R being less than 132.25 (=11.5%), the
lamirar-flow velocity sequence is sought at statement number
19 for velocity and at statement number 410 for enthalpy. It
will not be hard for the reader to recognise, in these two
program passages, the FORTRAN equivalents of the formulae

which are given above.

Because of the fact that equation (E-1) contains s on both
sides, iterative solution is needed; this is the reason for
the DO.17 loop which is left if the nurher of iterations
(NIT) equals 11 or s% differs by less tnan 0.0001 from its
previous value. Then the Stanton number is calculated
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% T.E. Stanton nuambers at inner surface of end wall, at outer'surface of
end wall, at outer surface of inner tube, at imner surface of imner tube,
at immer surface of outer tube and at outex surface of outer tube.




according to equation (E-2), and is printed out fof

KTEST>0., - Tke only modifications to the subroutine
SOURCE are inserted in Chapter 4, i.e. in the Chapter
where the source terms for B are computed. The modifications

consist of calling subroutine WALL to calculate the Stanton
numbers prior to their use for the calculation of heat
transfer.

E.4 Additional FORTRAN Symbols

NAME LOCATION | TYPE MEANING -
|

PJAY | WALL,K Jayatillaka's P function

PRRAT ‘ WALL ' Prandtl number ratio

STERM WALL ' Stanton number

E.5 Listing of modified'Subroutines

The listing of the two modified subroutines SOURCE and
WALL,follows;»
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£LU

i

10

17
18

1

[

X VDN RENNDE

1
1

Ofﬁﬁ}ﬂﬂﬁdJ'PﬁdlE IS
1124303 . OF POOR QUAL]TY

SUBROUTINE WALL(I1+STERM¢STERM141Y, JPHI)

COMMON/COMA/Z  U(480) sVI4T5) H(SOO)QFM(SDG)QFUE(SOOJokSQSOOcIS)c‘

PPL20)sTEMIS500) +P(414)+RHOLS00) +EMUIS00)

DXU(ZS)'DXU(ZS)vKOUN1(25)'NDXG(25)|RDXU(25)oRSXG(ESloRSXU(ZS)q

STORE(25) «SXG(25) ¢ SXU(25) ¢+ X(25) +XU(25)

AL20) ¢AE(20) ¢AN(20) s AREAE(20) +AS(20) ASNIP(ZO)'AN(ZO)QB‘ZO)Q
BSNIF120)eC(20)¢CSNIP(20) +DIFE(20) +DIFEE(20) «DIFN(20),
DIFNE(20)sDIFW(20) sOSNIP(20)DUC20)4DV(20)+DYG(20)sDYVI20)
FLOWE(20) +FLOWEE(2U) vFLOVIN(20) +FLOWNE (20) +FLOWW(20) sR(20)
RUYG(20) ¢sRUYV(20) «RSYG({20) ¢«RSYV(20)+RV(20) «RVCB(20)+RVSQ(20),
SPL20)+SUC20)+SYG(20) ¢SYV(20)4Y(20),YVI(20)¢AEDDX(500).
ANDDY(500) vAREAN(S00) «VOL(500) »

ARSL(25¥25) «+PREFF(25) +PRL(25) +PRT(25) +RSLINE(25¢25)

TEW(25) ¢ILAST(25) ¢ IMON(25) +IXNY(25)4IZERO(25) HKSOLVE(25)
RSREF (25)+RSSUM(25) «TITLE(25)
DIMENSION DIFNW(20) yDIFWW(20) +F (121889 ) FLOWNW(20) +FLOWWW(20)
EQUIVALENCEC(F (1) sU(X) ) o (FLOWNW(L) oFLOWNE (L) Vo (FLOWWW(L) »
FLOWEE(1)) o (DIFNW(L)+DIFNECLI) ) v (DIFWW (L) 017 E(l))
COMMON/COMB/

AK+ARRCONYBIGCCHELK+CMIXsDATA(E) +DPyELL LLZvEMAvEMF'EMUREFc
EPSTWEQRATEWALL ¢FLOB +FLOC «FLOWIN+FLOWST «FLOWUP+FSTOIC
FSTOIMyFUBsFUCsHFUYHW s INC INERT ¢ IPLRS+IPREF ¢ IPRINT«ISNIP,
ISWEEP 4 IX ¢ IXMON ¢ IXPREF ¢ IXPLyIXUeIXUPL s IXWeIXINY « IXINYU
IXINYLeIXSNYUeIXSNY2 o IYF s IYFML o IYFUEL«IYL o ZYLML IYLPLyIYMON,
IYPREFAIYWoIYWML IYWPL ¢ JEMUGJUFMIJFUE ¢ JHWJLAST ¢ UP +JPP 4 JRHO
U811 ¢JS2 ¢ JTEM ¢ JUAJV s KASE yKINPRI WKLY vKRAD yKRHOMU KSWEEP ¢KTEST »
LABPHIWLSWEEP ¢NSOLVE yHNTDMAJNTMAX sNTRAV ¢ NUMCOL ¢NX ¢ NXMAX e NXM1 o
NXM2 ¢ NXYG o NXYP ¢ NXYUSNXYVeNY ¢ NYMAX «NYML «NYM240XBeOXCyPJIAY,
PREEXP +PRESS yRELAXP WRF ¢RFSTM¢RSCHEK yRSMAX +RITvR10+1K2I+R20
STOICH s TBeTC o TINY ¢ TMAX 4 TMINUBUCWMIX
COMMON/HTRZ” ALNRIIALNR1IO+ALNR2IALNR20+CONDIELS
EMISI0EMIS2I EMIS204EMISXLJEMISXO+REMI yRHOINF,

SIGMA«STXI o STXO+STIL+ST10¢ST2T +ST20,TINFUINF (VINF i 4AREA
DATA SHALF/0.04/
KWALL=2~1/11

1251143-2xKWALL

CI3=13+2=-KWALL

IF (IYLNE,O0) GO TO 10000
I=12+IX1NY

IF (JPHILEQ.JU) GO TO 10
IFtJPHILEQ.JH) GO TO 400
KETURN

I=I2+4IXINYU
RUKEF= RHO(I)*ABS(U(I))
RE=RUREF*DYG(I3)/EMURLF

IFAKLT-EQ.1) GO TO 19

IF (REo.LT.132.,25) GO T0 19
ERZRE*EWALL
ARGMIN=11,5*EWALL

DO 17 NIT=1411

SHALF1=SHALF

ARG=ER®*SHALF

IF (ARG.LT.ARGMIN) GO TO 19
SHALF=AK/ALUG (ARG

IF (ABS(SHALF=SHALF1)wLT, t+0001) 60 TO 18
CONTINUE

S=SHALF %2

STERM1= S*P(IZ)*RURE%*SXU(IXU)
RETURN

19 STERM1= hMURLFtQXU(IXU)*R(Tl!ﬂQDVG(Ié)

| WADDDO30
WA000040
WADD00S0
WAD00060
WA000070
WA000080
WA000090
WA000100
WAQD0110
WA000120
WA000130
WADC0140
WA000150
WA000150
WAD00170
WADD0180
WAD00190
WA000200
WA000210
WAD00220
NAD00230
WAND00240
WA000250
WA000260
WAG00270
WA000280
WA0C0290
WA000300
WA000310

WA000320
WAD00330
WAOU0340
WA000350
WA000360
WA000370
WA0D0380

WAD00390
WAD00400
WADOOD410D
WAD0O420
WAD00430
WADOO0440
WAGDO450
WADOO4&0
WAOUO47T0
WAD00480
WAD0O0490
WA000500
WAGD0510
WA000520
WA0D00530
WAD00540
WA000550
WA000560
WA000570
WA000S580
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400

401

402

410
411
412

RETURN
CONTINUE
I=11+IX1INY

IW=I=NY

YREF=DYG(NY)

IFCIT.EQeIYWML1) YREF=0.5%0YG(IYW)
IFCILGEQL IYWPL) YREF=0,5%0YG(IVWPL)
RUREFZRHO (1) %0, 5*ABS(U(X)+U(IN))
IF(I1,EQ.NY) RUREFSRHGINF#UINF - ©
RE=RUREF xYREF /JEMURLF

IF(KLT.EQ.,1) GO TO 410
IF(RE.LE.132.25) GO TU 410

ERSKRESENALL ‘

ARGMIN=11, s-cuALL

NIT=0 :

SHALF1=SHALF

ARGSER®SHALFK i

IF(ARG.LT ., ARGMIN) GO’ 10 410
SHALF=AK/ALUG (ARG) :

IF LABS (SHALF =SHALF1}:4T.U,0001) GO TO 402
NLISNIT+1 ‘

IF(NIT.LT.11) GO TO &ul

S=SHALF %2

PRRAT=PRL (JPHI ) /PRT{UPHI) .
PJAY=9,0% (PRRAT=1,0)/PRRAT*%0, 25

STERH=S/ (PRT(UPHI)* (1, 0+AMAX1 (=04 9999|PJAYthALF)))

GO TO 411 -
STEKM=1. 0/(PhL(JPH1)#RE)
CONTINUE

IF(KTEST+GTe0) WRITE(69412) IlsIY+STERMINTRAV

FORMAT(10(1H¥) 2I3¢£20.8+13)

- RETURN

10000

200

270
280

290
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1= 1Y+IX1NY

Iv= 1Y+1x1NY1 o

IVS=IV=1

IF (JPHI.EQauV) GO T0 200
IF(JPHIWZEQeJH) GO 10 '4000

RE TURN

RUKEF-RHO(I)*ABS(V(1V))
RE=SRUREF*DXG(13)/EMURLF
IF(KLT.EQ,1?- GO TO 290

IF (RE.LT,&&Z.aS) GL T0 290
ER=RE*EWALL

ARGMIN=11.5*EWALL

DO 270 NIT=1.11

SHALF 1=SHALF

ARG=ER*SHALF

IF (ARG.LTARGMIN) GO TO 290 -
SHALF=AK/ALOG{ARG)

IF (ABS(SHALF-SHALFI) LT. U 0001) G0 TO 280
CONTINUE j
S=SHALF*#%2

STERM1=S*RUREF*SYV(IY)*RV(IY)

RETURN
STERM1= EMuRhF:sYV(IY)*RV(IY):RDXG(IA)
RETURN
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WA000630
WA000640
WA000650
WA000660
WA000670
WAQ00680
WA000690
WAOD0700
WA0DDO0710
WAB00720
WA000730
WAQ00740
WADQ0750
WAQ00760
WA000770
WA000780

WAQO00790

WAQ00B800

Er
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4000 CONTINUE:
YREF=DXG{NX)
RUREF=RHO (11 %0, 5#A85(V(IV)+V( IVS))
IF(I1.EQ.NXeOR,IX,EWeNX) RUREFZ RHOINF:VINF
RESRUREF*YREF /ZEMURLF
IF{KLT.EQ,1) GO TO %100
IF(RELLT¢132,2%) GO TU 4100
ERZREXEWALL
ARGMIN=11,5*EWALL

NIT=0 , L : .
4010 SHALF1=SHALF v _ ORIGINAL PAGE IS

ARG=ER#SHALF .

TF (ARG SLT,ARGHIN) GU TO 4100 o OF POOR QUALITY

SHALF=AK/ALOG(ARG) o :
IF(ABS (SHALF=SHALF1)+LT.0,0004) 60O TO 4020
NITSNIT+1 :
IF(NITWLT,11) GO TU 4010
4020 S=SHALF*%2 ‘
PRRAT=PRL (JPHT)/PRT{UPHI)
PJAY=9 0% (PRRAT=1,U0)7PRRAT%%0,25
STERM= S/(PRT(JPHI)*(I-O*AMAXI( ~009999, PJAY*SHALF)))
GO TO 4110
4100 STLRM= 1.0/(PRL(JPH1)*KL!
4110 CONTINUE
: IF(KTESTGT«0) WRITE(6+412) 1141V +STERMyNTRAV
RETURN
ENU ‘ ' WA000810
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I=EY+IX1MY ‘ sogu2s20
ILsLl+0Y S0pU2830
IVELY+LIX1Y1 S0002840
IVS=[V=1 50002850
CALL vALL(NXhl.STLKM-hTLRMl'IY JH)
STXL=8TeRd :
HXLSSTXL*RHU(TI) *AbStU«OX(VLVI+VIIVS)))*CulX s0pu2a8g0
UALSAREAE (LY) /(1eU/HXI+HELSC) s0002370
: QXLZUALECTEMCT ) =TEMLIE)) ' . Suov23g0
425 SULLYJ=SU(LY)=OXI . S0002890
KE 1URDN s0002900
430 DU 430 IV=L1YRLIYL sS0002310
I=LY+ XLy : . S0002920
IV=LY+1X1HY1 SO0QU2930
TwS1=idY ; 'S0002940
LVW=IN=1Y 1 ' S0002950
TVOW=iVie] S0002960
IM=1+1 : ; SV002970
18=1i=1 : : $0002980
CGHULSCOMu*ELS R S0002990

IFULYsbueilY) GO 10 431 S00035000
CALL WALL(NXM1STERMySTERMLTY ¢JH)
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N e ra (A H - FE =2 "i "
;! Pl é ’ j‘ E P } : i % § I 7 ; ?
; ! ' i b - dbs oo s 4 % i oA Lo d e _m.,ﬁ,éﬁ o
PAGE 00C7
STAL=STER
BALISSTX1 3O IY)I ®ABS (U D% (VITIVHIFVLIYSH) ) )SUCHIX S0004010
UXISAREAE(LY ) /(1eU0/nXA+riLLSL) $000%020
OALZUXLATEMCLa) sLpoV3030L
LAtiAlLE LUH)L/nLuG(u(lY*l)/PllY)) S0003040
GL 1D 442 S0QU030%0
w31 UxLI=gW.U SU0030¢0
JAL=0 4L §0003070
GrEA=0e0 suo03080
CALL wALC (X o STERMeSTRRMMLy LY o JH)
S5TXI=STRie
HAUSSTAUR S HU L F RS UVINF Y =CmIX S0pU3090
UAUS  aREA/ (L, J/HYU+HtL$L) S000%100
GG 10 430 : S0203110
432 Cabkl anbL (WX STERMeSTeRMI 1Y s JH)
STAUSSTERN
FHAUSSTXUARHUTF =« ABS (VLWE ) 2CMIX Supl3120
UXUSAREAE(LY) /(1 U/ZHXUFHELSL) S00031350
435 GXUSUXOXT [k SU003140
IFUlYsbue2) GO TO 499 SUoU31gU
GAMBS=CUNDL/ZNALOGIRLLY)I/RILY=1)) SG00%160
GO 14 434 ’ *SV0U317U
433 GAIlAS=U.U S0003180
434 AlTCLYysLALAN , S00U319V
ASCLY)ZONANAS So003200
WRAULSS LG A#AufAE(17)*thi%x1+FMLbAU)x(TINP*TEN(I)) S0o03210
1 »(TIH#¢*v+rL (I)wxe) ; SVo03220
AutliY)=u S00U3230
Sutiy)=s JPAUL‘TIHD+UK1*UAO SU003240
435 SEtlY)==L AUL=UX1=UXD SGQU3z250
GArMNYELUI ) #UARCARRUAG LX) S00N03240
SULHY ) SSUNY )Y +GAMAWSTEEIELIXINY ) SL003270
SPUMY)SSP(RY ) =BASAN SooV3280
CALL aALL (Y «STERr o STRRMLY D IH)
STeUsSieri
H2USST2U e XHULIF xA3D ULIIF ) ¥CMIX S0003290
RU2U ELS/(Lled/ (R2VEM2VI+ALINK20/COND) 0003300
=HULUFTINF SU003310
SU(HY)‘SU(NY)+QZU SV0U3320
SPAUYIESP (HY ) =hU20 80003330
RE 1Ry S0003340
Commmnumvrmecnnmnnemcnans= R L T D Ty e sr s us e s e s s neemcemnceanee 30003350
CHAPTER 5 5 5 & 5 SUUKLL (LKMS FUR #IXTURE FRACTIOM 5 5 5 5 95S00033gU
Coammenmameremccnn—. 4---------------------------------------------------SOO03570
S50 UOU 92 1Y=1YrolYL S00033a0
Sutlly)sued] SU0V3390
52 SPULY)SUWY S00043400
Rt UR:y S0003410
Commmmmesnna I D e TPy SRR D SG0U3420
CHAPTER ‘b o @& o 76 -6 o ~ SUURCE TERKMS FOK FULL -6 . & 6 -6 & 6 HSO003430
Comecmeasacacmcaasacianaasr cemmeama L R ceeecan SQ0U344U
60 T1i= PhLLAPtPKLSS**a S000345yY
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PO 62 1Y=1YFr.IYL S0003460
I=LY+IX1Ny (XQR Q[H{Lffﬁ sSG0U03470
FUBRUTSAMAXL(0. 0« (FMUL)=FSTUIC)®RFS114) SU003450
FLEX=FUL(1)=FUERNT SOQU3490
IF (FUEX+GTe0,0) $U U 61 . sS000U3500
SPLLIY)==UT0b §0003510
6C 10 b2 s00035520
61 FURSANMLL(TLMNY «STOILHRFULUL)<(FM{I)=FSTOIC)*RFSTH)} S0003530
SFLLIY)S=T12tXP(=ARKRLCOU/TEM(L) ) *VOL (L) *«FOX*FUL(I)/FULX S0003540
62 SULLY)==8p (LY )sFUBRNI S0003550
RE LUR ' S000356V

c-——--——-—-—---—---——-~—------'—--—---'----——----------------—-----———--—-80003570
CHAPTER 7 7 7 7 71 7 SUURCE. TERMS FUR Pa 7 7 7 7 7 7 7 17 8000358UL

c-—'- ----- ) - - e - . == - --'—.—-----—-----—-—-----——-—--------—80003590

90 Luﬂu: =Ua0 . S0003600

IF (IXebW 2aAMNGeINCebda=1l) GU TU 93 S0004610

DU 92 Ly=LYbeIYL S0003620

C ERRUR MASS SOURCES S0003630
ESHASS==FLOWH{IY)+FLOAHIL1Y=1)~ FLOMECIY)+FLOWWIIY) S000464U
SULLY )ISESHMASD S0003650
SFL1Y)=0eD ‘ SU0U36a0

‘92 EKRURSERKORTABS (ESMASD) . S000367U
IF (LAsHNE HXM1,UR IHCeME 1) GO TU 9D S00U3580
SutiYL)I=0,0 S0003690
SreLYL)Y==01b6 s00uU3700

GO 10 Yo s S0003710
Cromee=0UILTT COUMUARY = UNLIFURM FPRESSURE ASSUMED. S0QU3720
935 DU 94 LY=IYF.IYL S0003730
SULLT)I=UW) SV0U3740

g4 SHLlYy)==-B106 SO0U3750

95 RSLINECL N «JPFP)=ERROK/RSKEF(JPP) S0003760
ARSL(UX v JHPI=ABS(RSLINE LLIX v 0PP)) S0003770

RE UK} SQ0u37auV

EfV S0003790
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