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CONCHAS: AN ARBITRARY LAGRANGIAN-EULERIAN 

COMPUTER CODE FOR MULTICOMPONENT CHEMICALLY 

REACTIVE FLUID FLOW AT ALL SPEEDS

by

T. D. Butler, L. D. Cloutman, J. K. Dukowicz, and J. D. Ramshaw

ABSTRACT

This report describes the CONCHAS computer 
code, which solves the equations of transient 
multicomponent chemically reactive fluid dynam­
ics in two space dimensions. CONCHAS is a time­
marching finite-difference code that utilizes a 
partially implicit numerical scheme and a gen­
eralized mesh. Both planar and axisymmetric 
problems may be solved. Spatial differences 
are formed with respect to a two-dimensional 
mesh whose cells are arbitrary quadrilaterals. 
The location of the cell corners, or vertices, 
may be arbitrarily specified as functions of 
time, thereby allowing a Lagrangian, Eulerian, 
or mixed description. This capability is par­
ticularly useful for representing curved and 
or moving boundary surfaces. Arbitrary numbers 
of species and chemical reactions are allowed. 
Discussions are given of the governing equa­
tions, the numerical scheme, and the code 
structure. A FORTRAN listing of the code is 
also provided.

I. INTRODUCTION

During the past several years there has been a steadily increasing interest 

in numerical computations of chemically reactive fluid flow. Areas of current

interest in which reactive flow plays a fundamental role include chemical
12 3 4lasers, * internal combustion engines, and industrial burners and furnaces.

With few exceptions, reactive flow problems of practical significance are far
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too complex to be solved analytically. Quantitative theoretical analyses there­
fore require the use of numerical methods. This report describes a new computer 

code, called CONCHAS, which may be used to generate numerical solutions to multi- 

component reactive fluid flow problems.
CONCHAS is a time-marching code that solves finite-difference approximations 

to the governing partial differential equations. The transient solution is 

marched out in a sequence of finite time increments called cycles or time steps. 

Values of the dependent variables on each cycle are calculated from those on the 

previous cycle.

CONCHAS is a two-dimensional code, which assumes that the dependent varia­

bles depend on only two of the three spatial coordinates because of symmetry.

The option is provided to select either rectangular or cylindrical coordinates, 

corresponding to linear or axial symmetry, respectively. In the latter case, 

the option is provided to retain all three velocity components, so that axisym­

metric swirling flows may be dealt with. The velocity component normal to the 

plane of calculation is called the swirl velocity; like the other dependent var­

iables, it is assumed independent of displacements normal to the plane, so that 

a two-dimensional formulation is applicable.

The effects of turbulence are represented by a simple sub-grid-scale (SGS) 

turbulence model, whose use is optional. Chemical reactions are treated by a 

new procedure in which a distinction is made between slow and fast reactions.

The former proceed kinetically, while the latter are assumed to be in equilib­

rium.

CONCHAS utilizes a partially implicit numerical scheme which is a variant 
of the ICE method.'* ^ The primary stability limitation of the ICE method is 

that the fluid cannot traverse more than one spatial increment per cycle. At 

low Mach number, the ICE method allows the use of much larger time steps than 

could otherwise be taken. The implicit part of the ICE scheme is solved by a 

pointwise iterative procedure similar to the method of successive over-relaxa­

tion.

Spatial differences are formed with respect to a generalized finite-differ­

ence mesh or grid, which subdivides the region of interest into a number of small 

quadrilateral cells, or zones. The corners of the cells are called the vertices. 

The positions of the vertices may be arbitrarily specified as functions of time, 

thereby allowing a Lagrangian, Eulerian, or mixed description. Since the loca­

tions of the vertices are arbitrary, the cells are arbitrary quadrilaterals.
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andThis type of mesh is called an ALE (arbitrary Lagrangian-Eulerian) mesh, 

is particularly useful for representing curved and/or moving boundary surfaces. 

The spatial differencing is made conservative wherever possible. The procedure 
used is to difference the basic equations in integral form, with the area of a 

typical cell used as the control area, and with divergence terms transformed into 

surface integrals using the divergence theorem.

The numbers of species and chemical reactions that can be represented in 

CONCHAS are arbitrary; they are limited only by computer time and storage consi­

derations. Chemical rate expressions for the kinetic reactions are evaluated

by a partially implicit procedure similar to that used in the RICE and
20APACHE codes. In contrast to these earlier codes, however, the reactions in 

CONCHAS are not assumed to be elementary. The rate coefficients are assumed to 

be of a generalized Arrhenius form. The equilibrium reactions are treated by an 

iterative procedure. Sufficient accuracy in transient calculations is frequent­

ly obtained by choosing the associated convergence criterion so that only about 

five iterations per cell per cycle are required.

The input and setup philosophy of CONCHAS is similar to that of APACHE and
21 22of the SOLA series of programs. ’ Geometrical specifications, initial condi­

tions, and boundary conditions are inserted directly into the appropriate user- 

input subroutines, thereby preserving both simplicity and flexibility. An option 

is provided to insert a single obstacle somewhere in the computing mesh. The 

obstacle must be rectangular in logical space.
Much of the numerical methodology upon which CONCHAS is based has been de­

scribed elsewhere. These descriptions will not be repeated here; they will sim­

ply be cited where appropriate.

CONCHAS has been developed with applications to internal combustion engines 

in mind, and for this reason it contains several features designed to facilitate 

such applications. However, the basic code structure is modular and quite gener­

al, and the code is therefore applicable to a wide variety of problems in fluid 

dynamics, with and without chemical reactions.

8-13

II. THE GOVERNING EQUATIONS

The governing equations are written in a two-dimensional form that may be 

specialized to either rectangular or cylindrical coordinates (linear or axial 

symmetry). In either case, the plane of calculation is taken to be the xy- 

plane. For compactness, the equations are written in two-dimensional vector
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notation. The unit vectors in the x- and y-directions are denoted by i and j 

respectively. The two-dimensional vector operator V is given by

V = • 9 4- ■ 9
i8^+ J %T (1)

and the two-dimensional fluid velocity vector u is given by

u = u(x,y,t)i + v(x,y,t)j (2)

where t is the time. It is convenient to define

R 6x (3)

where 6=0 for rectangular coordinates and 6=1 for cylindrical coordinates. 

When 6=1, the symmetry axis is the y-axis.

A. Differential Form

The partial mass density of species k is denoted by p , and the total mass 

density p is given by

P = E (4)

The continuity equation for species k is

3p

at
k + R !’(Rpk") = R !* £RpDV(pk/p)] + (Pk) (5)
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where D is the species diffusivity (assumed the same for all species), and (p^) 

is the rate of change of p due to chemical reactions (defined later). The 

total density p satisfies the equation

(6)

which is obtained by summing Eq. (5) over k. 

The momentum equation for the mixture is

(Pu) + ^ v* (Rpuu) = - Vp + -| V* (Kg) -
(a -pw ) o VR + pG (7)9

where p is the fluid pressure, w is the swirl velocity (i.e., the velocity nor­
mal to the xy plane) , a is the two-dimensional viscous stress, is the cylin­

drical viscous stress, and G is the external force per unit mass. The viscous 

stresses are given by

g= y[(Vu) + (Vu)T] + (A/R) V-(Ru)g (8)

a = (2y/R)u*VR + (A/R) V*(Ru) 
o ~ ~ ~ ~

(9)

23where y and A are the first and second viscosity coefficients, X t*16 two-di­
mensional unit dyadic, and superscript T denotes the transpose. CONCHAS assumes 

that A = - 2y/3, which is equivalent to assuming the bulk viscosity to be zero.

The angular momentum equation, which determines the swirl velocity w, is 

given by

J- (Rpw) + i V* (R2pwu) = ^ V-(RT) 
dt R ~ ~ K ~ — (10)
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where the swirl stress vector T is given by

x = yR2V(w/R) (ID

Of course, these swirl equations are meaningful only when 6=1. 

The internal energy equation is

lit + R = ~ r (Ru) + g:Vu + T*V(w/R)

a (12)
+ u*VR - ^ V- (RJ) + Q ,

where I is the specific internal energy (exclusive of chemical energy), J is the
• ^ 

heat flux vector, and Q is the rate of chemical heat release (defined later).

The heat flux is given by

J = -KVT - pD E \ 2(pk/p) (13)

where K is the thermal conductivity, T is the absolute temperature, and h^ is the 
partial specific enthalpy of species k.

CONCHAS permits the use of arbitrary equations of state. For our applica­

tion, however, the state relations are assumed to be those of an ideal gas mix­

ture. Therefore

p = V X (pk/pk) ’ <14>
Ic

I(T) - 2 (pk/p)Ik(T) ’ (15)
k
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(16)%<t) -£ vp) cvk<n ■

hk(T) = Ik(T) + R T/yk ’ (17)

where 1^(1) i8 t^16 partial specific internal energy for species k, c (T) is
the specific heat at constant volume for species k, c^ is the mixture specific

heat at constant volume, R is the universal gas constant, and y. is the molecu-
8 k

lar weight of species k.

The chemical reactions occurring in the system are symbolized by

E E bkA (18)

where represents one mole of species k, and a^ and b^ are the dimensionless 

stoichiometric coefficients for the rth reaction. It is assumed that a^ and 

b^ are integers.

The chemical source term in the species continuity equation is given by

a. )<a) kr r (19)

where 0)^ is the rate of progress of the rth reaction. The chemical heat release 

term in the energy equation is given by

E
r

q 0) r r
(20)

where qr is the negative of the heat of reaction for the rth reaction at abso­

lute zero.
If r is a kinetic reaction then 0)^ is computed by
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(21)0)r fr n <Pk/Pk)a(r - \r
n (Pk/yk)bkr

Here and k, are the forward and backward rate coefficients for reaction r, fr hr
and the exponents a,' and b' specify the order of the reaction. For an elemen-kr kr
tary reaction a* = a, and b* = b, . The coefficients k,. and k, are assumed kr kr kr kr fr br
to be of a generalized Arrhenius form:

kfr

“br " \r

exp { - E+^/t} 

exp { - E^r/T}

(22)

where and E^ are activation temperatures (Kelvin) .

If r is an equilibrium reaction then 0)^ is implicitly determined by the con­

straint condition

b —a
n <pk/yk> kr kr = k^(t) (23)

where K (T) is the concentration equilibrium constant for equilibrium reaction c
r. The equilibrium constant depends only on temperature, and is assumed to be 

of the form

c exp{A JlnT. + B /T. + C r A r A r
+ D Ta + E T2} 

r A r A
(24)

where TA = T/1000. A
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B. Integral Form
The spatial differencing is simplified by writing the conservation equations

in integral form, using the divergence theorem and the Reynolds transport the- 
24orem. If we multiply Eq. (5) by R and integrate over a control area A, whose 

boundary may be moving, we obtain

dt /RpkdA + / Rek(u-b>'nds

•'A p

^ RpDV(pk/p)*nds + f R(pt ) dA (25)

where dA = dxdy, f ds is a line integral over the perimeter P of A, b is the
•'p

boundary velocity, and n is the outward unit normal to P. 

becomes

Similarly, Eq. (6)

df / RpdA + / Rp(u-b)*nds = 0 (26)

A similar treatment of the momentum equation, Eq. (7), yields

_d
dt

RpudA +

+ i
Rpu(u-b)*nds = RVpdA

Ra*nds + - a )VRdA + o ~ RpGdA (27)

The swirl equation, Eq. (10), becomes

_d
dt /R^pwdA + 4

J-O
R pw(u - b)*nds

y* RT*nds 

P
(28)
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Finally, the energy equation, Eq. (12), becomes

d_
dt RpIdA +

+

+

(

(

(

Rpl(u-b)*nds

Rx•V(w/R)dA

RQ dA .

pV*(Ru)dA+ /*RcL:^udA
A ~ ~~

+ [ O u•VRdA
JA ~ RJ•n ds

(29)

III. THE NUMERICAL SCHEME

CONCHAS solves finite-difference approximations to the governing equations 
summarized in Sect. II. The equations are discretized in both space and time. 

Before specifying the numerical scheme in detail, it is desirable to discuss 
some of its general features.

A. Temporal Differencing
The temporal part of the difference scheme is based on the ICE method,^

a partially implicit method that eliminates the sound-speed stability restric-
25 26tion of purely explicit schemes. * The temporal differencing is performed 

with respect to a sequence of discrete times tn (n = 0,1,2,...). The time in­
terval Atn = t*1"^ - tn is the time step and the integer n is the cycle number. 

The latter is displayed as a superscript, so that Qn denotes the difference 

approximation to the quantity Q at time tn. When At appears without a super­

script, Atn is understood. The difference approximation to the derivative 
3Q/3t is the first-order expression (Qn+^ - Qn)/At.

XI Tl+1.Most quantities are not advanced from time t to time t in a single step. 

A cycle is performed in three stages, or phases, and it is convenient to define 

intermediate quantities that have been partially but not fully updated. Such 

quantities will be identified by superscripts A and B, corresponding to phases 

I and II, respectively.

B. Spatial Differencing
8—13The spatial differencing is based on the ALE method, which uses a 

mesh made up of arbitrary quadrilaterals. Spatial difference approximations
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10,14,15are constructed by the control-volume or integral-balance approach, 
which largely preserves the local conservation properties of the differential 

equations.

The combined use of the ICE and ALE methods is sometimes signified by the 
term ICED-ALE. Earlier ICED-ALE codes include YAQUI11 and BAAL.13

The spatial region of interest in the xy-plane is subdivided into a num­

ber of small quadrilateral cells, or zones, the corners of which are the ver­

tices . Together, the cells constitute the mesh with respect to which spatial 

differences are formed. The vertices need not be stationary, but may move in 

an arbitrarily prescribed manner. This capability includes the Lagrangian and 

Eulerian descriptions as special cases. In the general case, the cells are asym­

metrical; a typical cell is shown in Fig. 1. The vertices are conventionally 

numbered in counterclockwise order as shown.

The cells are indexed by integers (i,j), which may be regarded as horizon­

tal and vertical coordinates in logical space. The indices (i,j) also label the 

vertices, with the understanding that vertex (i,j) is the (logical) lower left 

corner of cell (i,j). The Cartesian coordinates of vertex (i,j) are (x^,y^.), 

which in general depend on the time t. The "center" of cell (i,j) is defined to 
be the point with coordinates

- i + ’‘i+i.j+ \,3+i+ IIi+i,d+i> >

yiJ ■ i (yiJ + yi+l,J + yi,j+l + yi+l,;|+l) •
(30)

c c
In general, the point (x^j > ■'•s not t*le geometrical center of cell (i,j) .

It is convenient to define auxiliary cells centered about the vertices. 
These cells are called the momentum cells; momentum cell (i,j) is centered about 

vertex (i,j). The relation of a typical momentum cell to its associated regu­

lar cells is shown in Fig. 2. Each momentum cell contains four triangular sub­

cells, one from each of the four associated regular cells. Note that the momen­

tum cells overlap each other, while the regular cells do not.

Figure 1 shows that cell (i,j) may be regarded as the union of triangles 

123 and 134, whose areas are given respectively by
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2

'VV
Fig. 1. Typical finite-difference

cell. Also shown are the lo­
cation of velocity components 
u .. and v. .3 the conventionalI'd 'I'd
vertex labelling3 and the con­
ventional division into trian­
gles.

Fig. 2. Momentum cell (i3o)3 shown in 
dashed lines3 and its associ­
ated regular cells.

ATR

ABL

j fx1^2-y3^ + X2^y3*"yl^ + X3^yl~y2^ ’

\ ^Xl^y3_y4^ + X3^y4_yi^ + X4^yl"y3^

The area of cell (i,j) is then given by

(31)

A
ij

ATR + ABL (32)

The volumes corresponding to triangles 123 and 134 may be shown to be

12



VTR = /
A (123)

Rdxdy = ^ ^ + R2 + R3)ATR

I
VBL = J Rdxdy = -j (R-^ + R3 + 

A(134)

(33)

which reduce to ATR and ABL when 6=0. These volumes assume a depth of one 

length unit when 5=0 and one radian when 6=1. The total cell volume is then 

given by

V.
ij

Rdxdy = VTR + VBL (34)

Spatial differences are performed by identifying the control area A of Sect. 

II.B with the area of a typical cell (or, in the case of the momentum equation, 

a typical momentum cell). Spatial integrals are then performed under the assump­

tion that the dependent variables are uniform within each cell and/or on each 

cell face. Thermodynamic variables are regarded as uniform within each regular 

cell with the values they have at the center of the cell. Velocities are re­

garded as uniform within each momentum cell, with the values they have at the 
vertex on which the cell is centered. On cell faces, all quantities are regarded 

as uniform with their values at the center of the face in question, obtained by 

averaging. Thus line integrals over cell perimeters are approximated as sums 

over cell faces,

4

/F*nds — / . F • n As , (35)
~ ~ •*—< ~a ~a aF a=l

where F is the value of F at the center of cell face a, n is the outward unit ~a - ~a
normal to the cell face, As^ is its length, and the faces are assumed to be 

numbered in a counterclockwise order. Let k be the unit vector out of the
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plane, and let l be the vector of length As^ along cell face a In the counter­

clockwise direction. Then

n As = H x k = & i-£ j , (36)~a a ~a ~ ay ~ ax ~

where £ and £ are the x- and y-components of £ . These considerations ax ay j r
apply equally well to regular and momentum cells.

In the finite-difference approximation, velocities are fundamentally lo­

cated at the vertices. Thus, as shown in Fig. 1,

uij " u(xij’ yij*

vij' v<!tir •

"ij ‘ "‘"ij1 ^j' 1

(37)

where u and v are the x- and y-components of the fluid velocity u. Thermodynam­

ic variables are located at cell centers.

Qij
(38)

where Q = p, p, T, I, or p, . Quantities needed at points where they are notIC
fundamentally located are obtained by averaging neighboring values.

C. State Relations
27The quantities are obtained from the JANAF tables and are stored

in tabular form at intervals of 100 K. A simple linear interpolation is used

to determine the I, (T) at temperatures within the range of the tables. The
k

quantities c , (T) ate simply approximated by differences between adjacent tab-v K
ular values of I (T), divided by 100 K. The temperature T determines the in-

tv

ternal energy I via Eq. (15). Conversely, I determines T via the inverse of 

this relation. This inverse is performed by a simple linear search algorithm
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which takes advantage of the fact that (9I/3T) is always positive. Let

T = 100 n (n = 0, 1, 2,...), and choose the initial value of n so that T is n n
a reasonable estimate of the correct T. One then evaluates I = I(T ) fromn n
Eq. (15). If I > I, n is reduced, while if I < I, n is increased. The n n
search proceeds in this way until I is bracketed by I and I ; T is thenn n+1
evaluated by linear interpolation between T and T ...n n+1

With the above background, we are now in a position to specify the CONCHAS 

difference equations. It is convenient to describe the three phases of a cycle 

separately.

D. Phase I, The Explicit Lagrangian Calculation
In phase I the dependent variables are updated just as they would be in an 

explicit Lagrangian (b = u) calculation. Define the partial cell masses by

(39)

where the second equality follows from the assumed uniformity of within 

cell (i,j). Similarly, let the total cell mass be

(AO)

The phase I calculation of the partial cell masses is performed as follows:

a

(Al)

15



is a shorthand no­where the sum is over the faces of cell (P”/P")]a

28 at the centertation for a atraightfoward difference approximation*’'' to V(p,/p )

(• \ A ~ \ K. /
p^^j is evaluated by a procedure that will be described 

later. The total cell mass after phase I is given by

m- = 60” = m^- IJ V W13 ij (42)

A. nsince chemistry and diffusion do not create or destroy mass. However, p ^ p..
n ^

because V?. # V,.. The phase I values of the vertex positions are given by 
ij ij

+

y
A
ij

+ v".At
ij

(43)

and V^. is then given by Eqs. (31)-(34) with all x's and y's (including the x's 
ij A A

implicit in the R's when 6=1) replaced by x 's and y 's. The phase I species

densities and total density are then given by

ij iJ
(44)

and

PA. - M4.//. - M?.//.
IJ IJ IJ IJ IJ

(45)

Define the cell internal energy by

16



E. .
IJ

RpIdA = p..1..V.. = M..1..ij ij ij 13 ij (46)■/

13

where the uniformity assumption has again been used 

is determined by

The phase I value of E
ij

- En
ii 

At
n

Pij
a

r,n nR U 
(x~a

n. n n As 
~a a

+ [fi
n Vun]. . 

~~ ij

r„n „ , n ,„n.,l „n [T .V(„ /R

+ v..
IJ

VR E RnJn
a~a

n. n n As 
~a a

+ 6A Vn
ij ij

(47)

n
The quantities in square brackets, and the heat flux vector Ja> are given by 

straightforward difference expressions similar to those of the mass fluxes, and

The evaluation of 6.. will be discussed be-
ij

hence will not be written out here

(• \Ap^j^j. The phase I value of is simply

given by

iA. - eA/m4. - 4j«?,
ij ij ij ij iJ

(48)

and the phase I value of the pressure is given by

AP. . = R 
ij 2

Tii (49)

where T.. is computed by inverting Eq. (15) with I replaced by I and (p /p) 
ij A ij k

replaced by (p^/p)^.«

17



The momentum equation, Eq. (27), is differenced by identifying the control 

area A with the area of momentum cell (i,j). The velocity is regarded as 
uniform within A , but the density of course is not, since Am overlaps four

ij
regular cells, each of which has a different density. Therefore

RpudA = u.. RpdA = M..u..
ij-ij

(50)

where the vertex mass M . is defined by
IJ

M. . = / RpdA = ^ (M. . + M. . + M. + M . .)
/m 2 xj ■ i-l,J i.J-l i-l,3-1
A. .
ij

(51)

Since — . The phase I momentum calculation is then given
by

Mn.
ij

A u. .
:ril

At
^n V' n n. n , n nA nR >pnAs+7 R .0 • n Asii a~a a a*a ~a aJ a a

+ l/n.VR + GM”. 
il ~ ~ iJ

(52)

where the sums are over the faces of momentum cell (i,j), 1/^ is the volume of 
momentum cell (i,j) at time tn, and |(pw2 - a0)/R]ij denotes a straightforward 
difference approximation to (pw^ - ao)n/Rn at the point ^x^_. ,y^^ • is the

sum of the volumes associated with the four triangles comprising momentum cell 

(i,j). Each such volume is the corresponding area times the algebraic mean of 

the three corner R values, just as in Eq. (33). Since G and VR are independent 

of position and time, they do not require spatial or time indices. The pressure 
p^ is taken to be the pressure of the regular cell which has side a as a diag­

onal .

18



area.

.mThe swirl equation, Eq. (28), is also differenced using A as the control 

By the same reasoning that led to Eq. (52), we obtain

R w - R w
Mn H i,i i.i i.1 = y RnTn . n"Asn

xj At ' a~a ~a a•J rv
(53)

where again the sum is over the faces of momentum cell (i,j). Since Eq. (53) is
used only when 6 = 1, R^. = x^. and R^. = x^..

ij ij ij ij
Finally, we specify the procedure for evaluating the chemical source terms

(• \a *a •
^k/ij 311(31 ^ quantities are given by Eqs. (19) and (20) with co^ re­

replaced by c/, which is computed as follows. Since there is no direct chemical 

coupling between different cells, we may focus attention on a representative 

cell (i,j) and suppress the subscripts ij.
It is convenient to implement a slight change in notation. Previously the 

index r was used to label all reactions, both kinetic and equilibrium. Hence­

forth we label the kinetic reactions by index r and the equilibrium reactions by 

index s.
The progress rates 0)^ for the kinetic reactions are computed under the

assumption that, for each reaction r, every participating species is either inert

(a, = b ) or appears on only one side of the reaction (a b = 0). We firstkr kr «cr kr
calculate the quantities

“fr ' kfr l (h'\) kI

"br - C " {K'V,
Kr (54)

where k3^ and k^^ are evaluated from Eq. (22) with T replaced by T“, and 

denotes an intermediate value of that has been updated due to kinetic react- 

tions < r but not reactions > r. We next identify the species, call it species 

K, for which

n n
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is a minimum. This species is called the reference species for reaction r; it 

is the species whose density is in greatest danger of being driven negative. 

Once K is identified, we define

A = o + Atu [b fl- + a fj, ] T mKl Kr fr Kr brJ

AB ■ ?K + + bKrnbr1

• ^
Then C0r is given by

•A0) =
K

r AtV\r ' aKr> VAB - 1

(55)

(56)

This prescription makes the part of 3p^/3t that is due to reaction r linearly

implicit in p , which prevents p from being driven negative no matter how large K K
At is.

The progress rates 0) for the equilibrium reactions are evaluated by an iter-s
ative procedure, in which all the equilibrium reactions are simultaneously re­

laxed until the equilibrium constraints (23) are satisfied to a specified toler­
ance. Let the iteration index be m and let A(i/m^ denote the progress increment

• s
for reaction s on iteration m. Then co is given bys

(0

w

-±y;At ^ Aw (m)

m=l

The increments Aco (m)
s are calculated by

(57)



(58)a«,« - -a[Dsl + (d^ - «s2V!s]/(2ds2)

where

D n = K R - P sO c s s

si KSR a - P B , css s s

Ds2
- KSR (1+5 AwmaX) / (A(omaX)2 + PU + B Awfn)/(Acofn)2

cs ss s S SS t>

' l ^kV ^ •
k

ps - 7 «k/'1k)bks •

k

5 = (b - a )a /p ,s +7^ k ks ks ks k k

B = Y'm, (b, - a, )b, /p, 
ps kv ks ks ks pk

(59)

(60)

(61)

(62)

(63)

(64)

(65)

S S H <>vand = Kc(T ). The factor is an adjustable relaxation coefficient, £2=1. 
The quantities p^ are intermediate values that have been updated due to all the

equilibrium reactions on previous iterations, and to reactions < s on the cur-
m ... max _ . min . ...rent iteration. The quantities Aco and Aco are maximum and minimum valuess s

of Acog, given respectively by

maxAco = min
tk 3 aks J bks'

gk^k

aks bks
(66)
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(67)Aw
min
s max

fk 3 aks ' '’ks1

\ .

aks kks /

Equation (58) for must be supplemented with restrictions to prevent

any of the species involved in reaction s from being driven negative. If Eq.
(58) yields a value of Aco^ that exceeds 0.9 Ao/11^ then Aco^ is set equal

✓ v S S / \ s •
to 0.9 AO) maX . Similarly, if Eq. (58) predicts that Agj 111 < 0.9 Aw111111, then

✓ * s mixi (m) ^ ®
Aco'' is set equal to 0.9 A(o . In addition, if AtoV differs in sign from D _, g s s s u
Aa)^m^ is set equal to zero. This insures that reaction s is never driven 

away from equilibrium.

The equilibrium chemistry iteration procedure converges most rapidly when 

the different equilibrium reactions are as nearly independent as possible.

Thus convergence can be accelerated greatly by a judicious choice of equilib­

rium reactions. Consider, for example the two reactions

2H20 2H2 + 02,

2 OH =S=fH2 + 02.

At moderate temperatures and in the presence of reasonable amounts of 02» the 

equilibrium of the second reaction lies far to the left; that is, the amount 

of H2 present is much less than the amount of OH. This is therefore a poor 

choice of reactions, because any H2 made by dissociation of H20 in the first 

reaction will subsequently have to be converted into OH by the second reaction. 

A much better choice is to let H20 dissociate directly into OH, so that the 

above two reactions are replaced by

2H20 + 02 z£=^40H, 

2OH T"H2 + 0 .
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The rationale for the iterative procedure embodied in Eqs. (58) - (67) is

not intended to be obvious on inspection. Space precludes a complete discussion

here; a detailed description of the equilibrium chemistry algorithm will be
29given in a forthcoming publication 

E. Phase II. The Pressure Iteration
The pressure iteration is also Lagrangian in nature. First we give the 

simultaneous equations that the iteration solves, and then we discuss the iter­

ation procedure itself.

The phase II vertex positions are determined by

(68)

BThese positions then determine the phase II cell volumes via Eqs. (31)-(34). 

The partial cell masses and the total cell mass do not change during phase II. 

Therefore

(69)

ij ij ij

and hence

(70)

The specific internal energies I.. also do not change during phase II:
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(71)IB
ij

IA
ij

The phase II pressure is determined by

pij = Rg<d ? WIa - <ivVvJi (72)

Since M?. = M?., M®. » M”.. The phase II velocities are then determined by 
ij ij ij iJ

Mn.
ij

B u.
~n (73)

where the sum is over the faces of momentum cell (i,j) and p^ is again the 

pressure of the regular cell of which face a is the diagonal.

Equations (68)-(73) are an implicit system of equations for the basic un­

known quantities xB B Bu. B and pB These equations are solved by a
*ij’ ij’ ij’ ij’ rij

pointwise iterative procedure similar to the method of successive over-relaxa­

tion.

Let the iteration index be v, which will be displayed as a superscript in 

parentheses. The iteration scheme is specified by giving the prescription for 

advancing all quantities from iteration v to iteration v+1. The vertex posi­

tions are advanced first.

xfV+1)
IJ

n , (v).x. . + u. . At 
ij ij

(V+1)
ij

n , (v).y. . + v;. At 
ij 13

(74)

^ / (v+D (v+1) \ . 0 J (v+1) ^ u ,The quantities l x£j > J then determine V^_. in the usual way. The

pressure change is computed by the relaxation formula
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(V+1) _ (V) (V.)
pij pij Pij Pij

f(p )A vA./vfv+1) ,iA.)l
.■■srVij ij ij iJ/J

(75)

in which p (p, .1) is the equation of state function, and 3.. is a relaxation eos k ij)
coefficient defined below. For an ideal gas mixture, this reduces to the com­

putationally more efficient form

(v+1)
Pij

(V) ft L(V)
ij ij l iJ

PA.VA./V?v+1) 
IJ IJ IJ

(76)

Finally, the velocity is updated according to

M1'.
ij

(v+1) A 
u.. - u..
ZJJ______ tJJ. =

At Rn
ij

p^+i) n\?a)2
n.Asa

n
a (77)

Since Eq. (76) determines the pressure change Sp^j^

convenient to rewrite Eq. (77) in terms of Su^ =
~ij

(V+1)
Pij

(V+1) u. . -
~ij

, it is 

We obtain

IJ ~1J
= - AtRn.

ij a

p (v) n n op . . n As ij ~a a (78)

Equation (78) is more convenient for numerical purposes than Eq. (77), because
A

it allows one to avoid saving the u...
~ij

The iteration is initialized by setting

(0)u. .
~ij

A u. .
~ij

+ Ap (79)
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where Ap is an estimated change in overall pressure level (defined below), 
and the final converged values are given by

( Bx. .
ij

B 
P. lim

v-*»

/ (v) (v) (v) (v)\(xij >yiJ ’pij 'Sij-) (80)

Of course, the limit V 00 is achieved for all practical purposes at some fi­

nite value of v; this value is determined by a convergence criterion and the it-
g

eration is terminated at that point. After the iteration has converged, V., is
/ \B B ^

known and the densities (p, and p.. are calculated by Eq. (70). The swirl\ k/ij ij
velocity is then updated by

B _ A pA /pB
(81)

which is equivalent to replacing R^.w^. by R^.w^. in Eq.
13 ij ij ij

The relaxation coefficient 8^ is given by

(53)

8.. = co
13 9pA.

13
eos

((PJV., I. )A
k;ij5 ,)]

-1

(82)

or

13
= u

p 8V
1

..A 3p. . V. . in 
13

-1

(83)

where co is the usual overrelaxation parameter. Eqs. (82) and (83) correspond 

to Eqs. (75) and (76), respectively. The derivatives in Eqs. (82) and (83) are 

evaluated numerically by inserting a small pressure perturbation into cell (i,j) 

and calculating the resulting volume change according to Eqs. (78), (74), and

26



(31)-(34). The value of <0 may be varied in the range 0 < to < 2 to accelerate 

convergence. Best results are usually obtained with to > 1.

Certain tricks are used to make the pressure iteration converge faster.

The first trick is to incorporate the velocity boundary conditions directly in­

to the iteration, which must be done both in subroutine PRESIT and subroutine 

DSDP. If this is not done, the boundary velocities are changed during the iter­

ation. They are ultimately reset to the correct boundary values after each it­

eration, but in the meantime they create incorrect cell volumes and pressures 

in the cells adjacent to the boundary, and this retards iteration convergence. 

This procedure is admittedly somewhat inconvenient, but the savings in computer 

time makes it worthwhile.

The second trick is designed to alleviate the well known problem that long 

wavelength errors relax very slowly. In the present context, this means that 
the iteration is very inefficient in effecting a change in the overall pressure 
level. We therefore try to estimate the change in pressure level for the given 

time step and add it into the pressure field in advance, as indicated in Eq.

(79). The pressure level change is estimated as

t— A nAp = p - p 9
(84)

where

(85)

(86)

The third and last trick is to save the quantity

(87)
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(1)from the previous cycle, and to compute on the current cycle by

P (i) =
ij

+ Apn
ij

(88)

rather than by Eq. (76).

F. Phase III. The Rezone Phase

Phase III computes the transport of chemical species, momentum, and energy 

caused by the motion of fluid relative to the mesh. This transport is repre­

sented in Eqs. (25)-(29) by surface integrals of the form

S u - b)*ndil (89)

which represents the convective contribution to (d/dtJ^RC^dA. Leaving the time 

variable continuous for the moment, we may approximate S as a sum over cell 
faces,

^ ~ ~ Qa f R(u - b)*nd£
a ya ~ ~ ~

(90)

where Qa is the phase II value of Q at the center of cell face a. The integral

R(u - b)*nd£ (91)

is now seen to be the rate at which cell volume changes due to the motion of 

cell face a relative to the fluid. To obtain the correct net volume change

28



over the time interval At, the difference approximation to this rate is taken

to be the associated volume change, call it 6V , divided by At. Thereforea

s = qB 6V . (92)
At xa a v 'a

The volume in turn, is simply the volume associated with the quadrilateral

having as two opposing sides cell face a at level B and cell face a at level n+1. 

This volume is computed by a straightfoward modification of Eqs. (31)-(34), due 
account being taken of algebraic signs. These relationships are illustrated in 
Fig. 3.

With this background we can now complete the specification of the differ­

ence scheme. The final values of the partial cell masses are given by

W ■ Mu * ? MB sv 
a a (93)

//////)

Fig. 3. Illustration of cell volume changes in Phase 
Three. The solid circles are the -points 

B B(x..3y..); the open circles are the points 
■z-J

(x.. ,u. • ). Positive volume changes are
indicated by positive-sloped shadings, and 
vice versa. The volume changes cancel in 
double-shaded areas as they should.
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and the total cell mass is given by

(94)

The final vertex positions of course determine via Eqs. (31)- 
(34). The final values of the partial and total mass densities are then given 

by

- (0"n+i n+i
ij ' ij

n+l n+1 /TTn+l P.. = M. . /V..
ij ij ij ■ ? w

(95)

The final value of the cell energy is given by

E?"!-1 = E®. + 6v
ij ij a ' 'a a

(96)

£ind the specific internal energy is

.n+1 _n+l ...n+l
xij = E« /M« (97)

Similarly, the final vertex velocities are determined by

Mn+1 un+1 - Mn.uB. + V (pu)B 61/
IJ ~1J 1J~1J " \ ~/a a

(98)

Mn+! n+i n+i = Mn RB B (Rpw)B
Mij Rij wij Mij ij ij iL* ^ 'a a ’

(99)
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where 61/ is the momentum-cell analog of 6V for regular cells. In Eqs. (93)-(96) a a
a indexes the sides of regular cell (i,j), while in Eqs. (98) and (99) it in­

dexes the sides of momentum cell (i,j).
The cell-face quantities > (PI)a ’ (PU)«* and are evaluated by

the same partial donor-cell procedure used in YAQUI^. Since this procedure 

is described in the cited reference it will not be discussed here.
The final values of the pressure and temperature are determined by

n+l n+l V'' , .n+1 _ . n+1.pij hj - 4* ‘Vij >

n+1p . . = R
ij § ? wn+1 _,n+l,

ij Tij \

(100)

(101)

This completes the description of a computational cycle.

G. Node Coupler
As in the YAQUI code, the CONCHAS difference scheme suffers from a lack of 

communication between adjacent vertices, which can allow slight oscillations to 

arise in the velocity field. This problem is alleviated by the use of a "node 

coupler" algorithm which introduces a small restoring acceleration at each ver­

tex, based on the local velocity field. Each vertex is common to four regular 

cells, and the total restoring acceleration is the sum of contributions from 

each of these cells. Consider the typical cell (i,j) shown in Fig. 1, and define

A.. %c(Si - u + U„ s** (102)

Here ^C is a dimensionless coefficient, typically 0.05, and has the inter­

pretation of an acceleration times At; that is, an impulse per unit mass. The 
total restoring acceleration acting on vertex (i,j) is then

a. . AlOij ~ $1-1,j + $1-1,j-1 -
(103)
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which is added to G in Eq. (52).

H. Artificial Viscosity for Shock Waves

For problems involving shock waves, an artificial shock viscosity of the 

Von Neumann-Richtmyer type is included. Define

q = Ap..A..D.. min(0,D ) (104)
h±2 o ij ij ij ij

where Ao is a dimensionless coefficient of order unity, and is a straight­

forward difference approximation to the divergence V*u in cell (i,j). The 
quantity q^ is an artificial viscous pressure; q”j is added to p” in Eqs. (47) 

and (52).

I. Subgrid Scale Viscosity for Turbulence
The effects of turbulence on the fluid flow are modeled with a subgrid

30scale (SGS) eddy viscosity of the type suggested by Deardorff . We postulate 

the turbulent coefficient of viscosity to be

Uip

. 2 .2pV*
/2

(a:a + a ) (105)

where k^ is a dimensionless "universal" coefficient and A is taken to be the 

largest side of the cell in which yT is being computed. The viscosity y used 

in the calculations is the sum of the molecular viscosity and y^.

There is an interesting analogy between the SGS eddy viscosity and the ar­

tificial viscosity used to treat shock waves. The artificial viscosity is used
to expand the thickness of a shock wave from its physical value of a few mean

31free paths to a few computational cell widths. Similarly, it can be shown

that yT expands the Kolmogorov microscale to approximately A.

The viscosity used in CONCHAS actually consists of three components.

First, there is a formula for the molecular viscosity for air that can be turned

on or off with the AIRMU parameter in the program's data deck. Second, Eq.
30(105) is used to compute the SGS diffusivity. Deardorff discusses the choice 

of 1c. Setting XKD to zero in the data deck turns off the SGS model. Finally,
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a constant diffusivity XMUO can be read from the data deck. The viscosity cal­

culation is done in the first DO loop of subroutine VISC, and the user can easi­

ly change this algorithm if necessary.

J. Stability Restrictions

In a two-dimensional rectangular mesh, each explicit diffusive process im­

poses a stability restriction of the form

vAt 1
2

2 2 Ax Ay
. 2 2 Ax + Ay

(106)

where V is the appropriate diffusivity, and Ax and Ay are the spatial increments.
In a generalized mesh, it is reasonable to hypothesize that, at least to a first

2 2approximation, AxAy is replaced by the cell area A and Ax + Ay is replaced
2

by the square of the maximum cell diagonal SL . Equation (106) then becomes

VAt
2 2< Az/2r (107)

For the momentum equation the appropriate diffusivity is 4y/3p, for the swirl 

equation it is y/p, for the energy equation it is K/pc^, and for the species 

continuity equations it is D. The overall diffusive stability restriction is 

therefore approximately

2 f 2At < A |2£ max(^•D)
-1

(108)

There is also a convective stability restriction, which for a rectangular 

mesh becomes

At < min ( Ax
u-b [

x'
AX

v-b
y ) (109)
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where b and b are the components of the grid velocity b. Experience has shown 
x y

that this restriction is approximately correct even in a generalized mesh, if 

Ax and Ay are evaluated by

Ax = max(|x1 - x3|, |x2 - xJ) 

Ay = max(|y1 - y3|, |y2 - yj)
(110)

where the subscripts refer to the cell vertices, numbered as in Fig. 1.

Since the CONCHAS scheme is a variant of the ICE method, it has no sound- 

speed stability restriction.

K. Automatic Timestep Control

The timestep At is selected automatically based on the stability limits of

the previous section and on the following considerations. At the start of a

calculation, the user specifies a maximum timestep At . If, during the cal-max
culation, the number of pressure iterations required for convergence during

phase II falls below a specified minimum, then At is increased by a factor ofmax
1.02. On the other hand, if the number of iterations exceeds a specified max­

imum on a particular cycle. At is reduced by a factor of 0.75 and the cyclemax
is rerun. The timestep to be used for the next cycle is computed by

Atn+1 = min (Atmax xAt conv 0.8 Atdiff *
1.1 . n. At ) (111)

where At is the right member of Eq. (109), At,... is the right member of conv dxff
Eq. (108), and X is a user-specified constant, 0 < X < 1* Th® "min" operation 
in Eq. (Ill) includes a search over cells as well as arguments.

L. Boundary Conditions

The boundary conditions in CONCHAS are very simple, but the user can sup­

ply coding for any boundary condition desired. The test problem in the appen­

dix uses adiabatic no-slip boundaries on three sides of the mesh and on the 

faces of the obstacle. The centerline is treated as an adiabatic free-slip 

boundary. Except as noted in Sect. III.E, all velocity boundary conditions are 

found in subroutine BC, and no other boundary conditions are needed for zero
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normal gradient conditions on other variables. Other boundary conditions, such 

as a specified temperature boundary, would require minor modifications to the 

program. For example, App. D shows how to set an inflow boundary condition for 

a gas jet. Unlike many hydrodynamics programs, CONCHAS uses no fictitious 

cells around the mesh.

IV. THE COMPUTER PROGRAM

This section provides sufficient information that the new CONCHAS user can 
set up and run the test problems given in the next section. It will also guide 

him in understanding the various parts of the program. A complete listing and 

data deck are provided in Appendix A. CONCHAS is an advanced experimental com­

puter program, not a "black box" production code. Its use requires some knowl­

edge of and experience with numerical fluid dynamics. It is advisable that the 

user become familiar with all parts of the program before attempting to modify 
it.

The program was written to be run on a CDC-7600 under the Livermore Time 

Sharing System (LTSS). However, the number of system-dependent features has 

been held to a minimum. They mostly occur in the graphics routines and time­

accounting routines. These will be easy for the user to locate and replace or 

remove if necessary. The dimensions currently allow up to 12 species and 700 
vertices, and these may be altered with the PARAMETER statement. Many of the 

arrays are stored in the 7600's large core memory (LCM), and this will have to 

be changed for other machines (i.e., delete the LEVEL 2 statements).
The subscripts ij are treated as a single index in the program, as this is 

appreciably more efficient than using doubly subscripted arrays. The single 

subscript IJ is computed as (j-l)*NXP+i, where NXP is the number of vertices 
in the x-direction. This is the same algorithm used by the compiler to compute 

addresses on a doubly-subscripted array whose first dimension is NXP. The vari­

able IPJ is the single index for i+l,j and IMJ represents i-l,j. Other similar 
variables are used in the program, following the same pattern.

The CONCHAS program can run a problem in segments. The code compares the 

job time limit to the time used, and it writes a restart dump on the file TAPE7 

when less than two minutes of central processor time remains. This dump may be 

used to continue the problem on a subsequent run, as explained in the subsection 
describing the data deck. Each time a dump is written, it is assigned a se­

35



quence number that must be matched by an input parameter. This procedure in­

sures that the correct dump is used.

When doing engine geometries with squish, the cells can get very narrow, 

causing At to plummet. Subroutine CHOPPER is used to strip out or add a row 

of cells to the mesh so Ay can be controlled in the squish region. The vari­

able NCHOP specifies the number of rows of cells to be left in the squish region 

between the top of the obstacle and the top of the mesh.

CDC computers have 64-bit words, which is about 13 decimal digits. Users 

of short-word machines should put CONCHAS into double precision before attempt­

ing to run any problems. Many problems simply cannot be run with 32-or 36-bit 

words because rounding errors are overwhelming.

A. Descriptions of Subroutines

The subroutines are found in alphabetical order in the program. The fol­

lowing list describes the function of each subroutine, and a flow chart is given 

in Fig. 4.

CONCHAS

AVISC

BC

CCFLUX

CHEM

CHEMEQ
CHOPPER

CONTUR

DSDP

DVMAX

ENERGY

EOS

FULOUT

GLOBAL

MOMFLX

ODROP

Main program, it is the "driver" for most other subroutines.

Computes artificial viscous pressure acceleration; adds node coupler. 

Sets boundary conditions.

Does phase III fluxing of cell-centered variables, updates cell 
and vertex masses.

General chemistry routine, calculates chemical changes to the p,
K.

and I.

Equilibrium chemistry package.

Adds or deletes a row of cells at the top of the mesh when <5y gets 

below a specified minimum, called as part of the regrid routine.
Draws contour plots.

Computes overrelaxation function 3 for the pressure iteration.

Finds the maximum velocity component in the mesh.

Adds pdV and artificial viscosity contributions to I.

Computes p from the equation of state using p, , I, c .
k v

Driver for output package.

Computes and prints integrated quantities such as total mass.

Fluxes momentum in phase III.

If sense switch one is on, the run makes a restart dump and termi­
nates .
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START
CONCHAS,

Terminate ?

VELPLT CONTUR

|~ENERGY [

Too Many 
Iterations ?

VELPLT

DVMAX

ZONES

GLOBAL

ODROP

RSEDIT

GLOBAL

CONTUR

DVMAX

ZONES

TEMPER

RSEDIT

TAPIN

CHEM

DSDP

TEMPER

VINIT

CCFLUX

REGRID

DVMAX

REZONE

AVISC

PHASEI

MOMFLX

TIMSTP

PRESIT

RINPUT

TIMSTP

UNDROP

FULOUT 
(cycle £1)

TAPOUT 
(if desired)

CHEMEQ
(NRE>0)

FULOUT 
(if desired)

CHOPPER 
(if desired)

Throw out

cut St

System 
Routines 

SAMPLE to 
GETJTL

Fig. 4. CONCHAS flow chart.
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PHASEI Does explicit pressure gradients and body forces.

PRESIT Does the phase II pressure iteration; sets the final Lagrangian

pressure, species densities, and velocities.

REGRID Computes new vertex positions and the relative velocity of the gas

and the grid.

REZONE Computes the grid velocity for phase III.

RINPUT Reads data deck; initializes all variables using data cards and

either a user-supplied routine to start a problem or a tape dump.

RSEDIT Prints the output on film and paper.

TAPIN Reads in restart tape, if one is used.

TAPOUT Writes the restart tape, if one is wanted.

TEMPER Computes c and T.
V

TIMSTP Computes At for the next cycle.

UNDROP System-dependent routine for initializing the film file.
VELPLT Draws the velocity plot; then calls CONTUR.

VINIT Swaps new time values into old time arrays prior to beginning a

new cycle; calls EOS to update the pressure.

VISC Computes all viscous terms plus species, enthalpy, and temperature

diffusion.
ZONES Draws the mesh on the film file.

B. Non-Universal System Routines

ADV(n) Advances film n frames.
Draws a straight line between SC-4020 coordinates

GETJTL

and '^ie uPPer hand corner of the frame is
(0,0), and the lower right hand corner is (1023,1023).

Returns job time limit in seconds.

LINCNT(n) Prints the next line on current film frame on line n (mod­

ulo 64) .

PLT(i,j,k) Plots a character specified by the code number k at SC-

4020 coordinates (i,j). Used in CONTUR to label the high

and low contours with H and L respectively.
QEXP Quick exponential, gives 6 digits accuracy instead of 13,

but much faster than EXP. Can replace with EXP.
QLOG Quick natural logarithm. Can replace with ALOG.
QSQRT Quick square root. Can replace with SQRT.
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SAMPLE

SAMPON

SAMPTRM
Routines to take timing statistics. May be deleted.

SETTERM

SSWTCH(1,J) Tests sense switch one to see if it is on (J = 1) or off.

C. The Data Deck

The input data for CONCHAS is named CNDAT on LTSS, and is equivalenced to 

TAPES on the PROGRAM card. With the exception of some of the reaction data, 

there is only one variable on each card or card image. This arrangement has 

been found convenient on LTSS where a text editor is used to maintain the disk 

files. A brief definition of each input variable is given below.
NAME An 8-word array containing a problem label.
NSP Number of species for the first run of a problem; set to

zero to force reading of a restart dump on subsequent
runs.

NR Number of reactions for the first run, thereafter the se­

quence number of the desired restart dump.
NFOUT Number of cycles between output dumps on film.
NPOUT Number of cycles between output dumps on paper.
LPR 0, suppresses all numerical output; 1, write numerical

output only on film; 2, write on film and paper.
ITMAX Maximum number of pressure iterations.

NX Number of cells in the x-direction.

NY Number of cells in the y-direction.
NRE The number of equilibrium chemical reactions.

EPSCHM Convergence criterion for the equilibrium chemistry itera'

tion.
OMGCHM Overrelaxation parameter for the equilibrium chemistry

iteration.

XKD The parameter in the SGS eddy viscosity.

DX Ax.

DY Ay.

XIGNIT Ignition parameter - see listing of subroutine CHEM for

usage.

SIEI Initial temperature.
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OM Overrelaxation parameter, co.

PEPS A parameter used by subroutine DSDP to compute 3V /8p ;
_4 iJ 13

typically equal to 10

EPS The convergence parameter for the pressure iteration, £.
AZFAC The parameter x» typically 0.1 - 0.2 (See Eq. (111)).
NCLAST Number of cycles to be computed.

NOL 0, no obstacle; otherwise, the i of the column of vertices

defining the left side of the obstacle.
NOR 0, no obstacle; otherwise, the i of the column of vertices

defining the right side of the obstacle.
NOB 0, no obstacle; otherwise, the j of the row of vertices

defining the bottom of the obstacle.
NOT 0, no obstacle; otherwise, the j of the row of vertices

defining the top of the obstacle.
ITMIN If the number of iterations is below ITMIN, At is in­

creased.

AO Fraction of convective momentum flux calculated with donor

BO
cell differencing; aQM of Ref. 11.

Fraction of all convective fluxes calculated with inter­

AOM

polated donor cell differencing; 3 of Ref. 11.o
Fraction of convective flux of species densities and ener­

gy calculated with donor cell differencing; of Ref.

11.

IREZ Rezone option: 0, Eulerian; 1, Lagrangian; 2, arbitrary

user-supplied rezone algorithm in subroutine REZONE.

LAMZER Artificial viscosity parameter,

DTMAX Maximum allowable time step.

DT Initial At.

CYL 0, Cartesian coordinate; 1, cylindrical coordinates.

ANC Node coupler coefficient,

RGAS Universal gas constant in the desired units; R = 8.3143 x
7 8

10 in CGS units.

RPM Engine revolutions per minute.

STROKE Piston stroke.
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ABDC Piston is initially located ABDC degrees after bottom dead

center.

GX External acceleration in the x-direction.

GY External acceleration in the y-direction.

XMUO Kinematic viscosity.

RPR A reciprocal Prandtl number, K/c^y.

RSC Reciprocal Schmidt number, pD/y.

DISS On-off switch for viscous dissipation terms in the energy

equation: 0, off; 1, on.

TOUT If T is less than TOUT, the chemistry package is bypassed.

SWIRL 0, the swirl equation is bypassed; 1, the azimuthal veloc­

ity is calculated.

ANGVEL Initial angular velocity of the fluid. Used only in

RINPUT.

TEDDY Boundary temperature if a fixed-temperature boundary is

used.

ADIA 0, the fixed-temperature boundary capability in VISC is

used; 1, the boundaries are adiabatic.

AIRMU 0, no molecular air viscosity is included in XMU; 1, air

viscosity is included in XMU.

Next is a sequence of four cards for each species:

RHOI(K) Initial value of the density of species k.

GAMMA(K) Ratio of specific heats for species k, = c ^/e^.

WT (K) Molecular weight of species k, y^.

HTF(K) Heat of formation at 0°K in kcal/mole.

Next we have the following sequence of cards for each reaction:

CF(L) The forward rate coefficient, A , for reaction L.
:tr +

EF(L) The forward activation temperature,

ZETAF(L) The forward temperature exponent, ?£r*

CB (L) The backward rate coefficient, A^.

EB(L) The backward activation temperature, e"*" .
br

ZETAB(L) The backward temperature exponent, ? .br
AM(K,L) The stoichiometric coefficient of species K on the left

BM(K,L)

side of kinetic reaction L, a .KL
The stoichiometric coefficient of species K on the right

side of kinetic reaction L, b .KL
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AE(K,L) The exponent of species K in the foward rate of reaction

BE(K,L)
L’ ak‘
The exponent of species K in the backward rate of reac­

tion L, b^.

Next we have a series of input cards for each equilibrium reaction.

AS(L)

BS (L)

CS(L) • Coefficients A , B , C , D , E , in functional form of r r r r r
DS (L) equilibrium constant, see Eq. (24).

ES (L)

AN(K,L) The stoichiometric coefficient of species K on the left

side of equilibrium reaction L.

BN(K,L) The stoichiometric coefficient of species K on the right

side of equilibrium reaction L.

Finally, the last card contains NCHOP, the number of axial zones in the squish 

region when the piston reaches top dead center.

D. Other Important Variables

In addition to the variables listed in the data file, there are a number 

of others that should be defined. This list is not intended to be complete, 

but it is sufficient to enable the user to read and understand the program.
RWT(K) Reciprocal molecular weight.

X(IJ) X-values of vertex positions.

Y(IJ) Y-values of vertex positions.

R(U) 1 if CYL = 0; X if CYL = 1.

P(U) Pressure.

XMU(IJ) Coefficient of viscosity, y.
TCUTE Cutoff temperature for the equilibrium chemistry package

COND(IJ) Thermal conductivity, K.
TEM(IJ) Temperature, T.
EK(K) Partial specific enthalpy (input) and energy (later) of

species k.
RO(IJ) Cell density, p.
SIE(IJ) Specific internal energy, I.

U(IJ),UL(IJ) Velocity component in the x-direction, •
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V(IJ),VL(IJ)

W(IJ),WL(IJ) 

VOL(IJ)

MV(IJ)

MC(IJ)
NXP

NYP

SPD(IJ,K)

SPM(IJ.K)

CV (K)

CVT(IJ)

UREL(IJ),VREL(IJ)

PL(IJ)
ROL(IJ)

UG(IJ),VG(IJ)

Please note

Velocity component in the y-direction, v .

Velocity component in the 0-direction, j•
Cell volume, V...

ij
Half the vertex mass, \M .
Cell mass, M...

ij
NX + 1, the number of vertices in each row.

NY + 1, the number of vertices in each column.

Species density, (p )...K ij
Species mass, (M, ) ..

k 13
Species specific heat at constant volume, c , .vk
Mixture specific heat at constant volume, c .v
Relative velocity between the gas and the grid, 
v-b ) .

y B
Pressure at the end of phase II, p...

B1^
Density at the end of phase II,

Grid velocity in the laboratory frame, (b ,b ).x y
that some variables change meaning during the cycle.

(u-b , x

V. SAMPLE PROBLEMS

The first sample problem was run using the program in Appendix A and the 
data deck in Appendix B. Selected results are displayed in Appendix C exactly 

as they came out of the computer. This problem ran 200 cycles in 130 seconds, 

and it is suitable for checking out new copies of CONCHAS. The problem involves 

a piston just before top dead center compressing a homogeneous flammable mix­

ture. The mixture is ignited at the upper left hand corner of the mesh, and the 

flame is followed until the fuel is exhausted. This problem is not intended to 

represent any real device and the zoning is very coarse, so no physical discus­

sion of the results will be presented. It is intended strictly as a test case 

that uses most of the options in the program.
This problem involves 12 species among which occur three kinetic reactions 

and six equilibrium reactions. The kinetic reactions are

This problem involves 12 species among which occur three kinetic reactions 

and six equilibrium reactions. The kinetic reactions are

2C8H18 + 25 °2 16 C02 + 18 H2°
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N + 02? NO + 0, 

0 + N2 J NO + N

The first reaction is a single-step octane oxidation reaction, and the last 

two reactions represent the simplified Zel'dovich mechanism for NO production. 
The equilibrium reactions are

H2 ? 2H ,

02t 20 ,

N2 t 2N ,

02 + H2 J 20H 

2H20 + 02 J 4OH 

02 + 2CO t 2C02

The rate coefficients for the former reactions and the equilibrium constants

for the latter reactions may be reconstructed easily from the data deck. The

coefficients in the equilibrium constant fits were obtained from the correspond-
32ing coefficients of Olikara and Borman.

The second problem is a gas jet, which illustrates the use of an inflow 

boundary condition. The jet material is pure octane (species 1). Again, no 

particular device or experiment is being modeled, and no discussion of the phy­

sics will be presented. Appendix D contains the code modifications necessary 

to run this problem, the data deck, and selected graphical output from the cal­

culation.
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■fc-

VO

PROGRAM CONCHAS (CNDAT,TA PE 5=CNDAT,TA PE 6>TTY,TAPE59 = TTY>TAPE7) CONCH
PARAMETER <NXQ = 700> NRQ=3> NSQ = 12> NERQ = 6 ) COMD
COMMON X{N X Q)> R(NXQ), Y(NXO), P(NXQ) COMD
COMMON /HKRAM/ cK(51>NSG)> NR E> NCHEM, HTFORM(NSQ)» XKD> OMGCHM, COMD

1 EPSCHM COMD
LEVEL Z, YL> FL» NCHOP> DYCHOP# FCHOP COMD
COMMON /CHOP/ Y L(100 ) » FL(100>NSQ)» NCHQP, DYCHOP, FCHOP COMO
COMMON /BLK/ ITMIN, NQL> NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXG), DELP(NXQ) COMD
LEVEL 2, XMU, CQND, TEM, HK COMD
COMMON /KAH 1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXG), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXG,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPO(NSG), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VPO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXG), COMD

1 MUP(NXO), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, T BODY, AQIA, AIR MU COMD
COMMON /S WR L/ WP(NXQ), ANGVEL, T3DDY, ADIA, AIR MU COMD
COMMON /R SC/ RC(NXQ), UR EL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXG), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC1 / ABDC, GX, GY, STROKE, RPM, VPISTON, YP1ST0N, YPISTdCOMD
1 00), OTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON / RS C2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, C AP DR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMA X» LAMZER, LPR, NA ME(8), COMD
2 NCL AST, NCYC, NFQUT, NPOUT, NR, NSP, NY, NY P, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, VVOPI, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGGN/ TV(A), TC(9), SPDV(A,NSG), SPDC(9,NSG) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSG,NERG ) , CN(NSG,NERU), NLM{NERQ)COMD 

1 , AS(NERQ), BS(NERQ), CS(NERG), DS(NERQ), ES(NERQ), PROG(NERG), COMD

2
2
3
A
5
6
7
8 
9

10
11
12
13
1A
15
16
17
18
19
20 
21 
22 
23 
2A
25
26
27
28
29
30
31
32
33 
3 A
35
36
37
38
39 
AO



Ln
O 2 OEQ(NERQ) COMD 41

INTEGER AN, BN, CN COMD 42
COMMON /RAMCHM/ RWT(NSO) , AM(NSQ,NRQ), BM(NSQ,NRQ ) , C M(NS Q,NRQ), COMD 43

1 NELEM(NRQ), AE(NS Q,NR Q) , BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 44
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD 45

DIMENSION RDSDP(l), R M V (1 ) COMD 46
EQUIVALENCE (UG,RDSDP), (RMV,E) COMO 47
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD 48
EXTERNAL SAMPTRM CONCH 4
DATA NCYC, T /0,0./ CONCH 5
DATA PI /3.1^15926535698/ CONCH 6
DATA TQUIT, GRIND, ILIM /120.,0.,1H / CONCH 7
DATA WORK /O./ CONCH 8
DATA TIME /O.O/ CONCH 9

*■ + + CONCH 10
+++ INITIALIZATION CONCH 11
♦ ♦♦ CONCH 12

CALL GEIJTL (TTL) CONCH 16
CALL UNDROP CONCH 17
WRITE (6,30) CONCH 18
WRITE (12,30) CONCH 19
CALL RINPUT CONCH 20
CALL TIMSTP CONCH 21
DTOLD*DT CONCH 22
LD0PX=0 CONCH 23

+ + ♦ CONCH 24
+♦+ BEGIN HYDRO LOOP CONCH 25

CONCH 26
10 CALL VINIT CONCH 27

LL*(NY-1)*NXP+NX CONCH 28
IF (NCYC.LT.2) CALL FULOUT (0) CONCH 29
CALL DVMAX (0) CONCH 30
IF (MOD(NCYC,NFQUT) .EQ.O) WRITE (59,40) NCYC,DTOLD,T,NUMIT,GRIND CONCH 31

1 ,YPISTON,VPISTON,P(LL), ILIM CONCH 32
WRITE (6,40) NCYC,DTOLD,T, NUMIT,GRIND,YPISTON,VPISTON,P(LL),ILIM CONCH 33
WRITE (12,40) NCYC, DTOLD,T ,NUMIT,GRIND,YPISTON,VPISTON,P(LL), ILIM CONCH 34
DTOLD»DT CONCH 35
NCYC-NCYC+1 CONCH 36
T-T+DT CONCH 37
YPIST0N*rPIST(NXP)+0.5*STR0KE*{l.-CDS(PI*RPM»T/30.+A8DC*PI/180.)) CONCH 38



VPIST0N=(STR0KE*PI*RPM/60.)*SIN(PI*RPM*T/30.+A8DC*PI/180.) CONCH
CALL AVISC CONCH
CALL VISC CONCH
CALL CHEM CONCH
IF (NRE.GT.O) CALL CHE ME Q CONCH
CALL PHASEI CONCH
CALL ENERGY CONCH
CALL DSDP CONCH
CALL PRESIT CONCH
IF (ILNGPI.EQ.O) GO TO 20 CONCH
T *T-DT CONCH
DT«DT*0.75 CONCH
DTMAX*0TMAX*0.75 CONCH
DTSAVsOT CONCH
DTOLD'DT CONCH
WRITE (59,60) DT,NCYC CONCH
WRITE (12,60) DT,NCYC CONCH
WRITE (6,60) DT,NCYC CONCH
LG0PX=L0QPX+1 CONCH
IF (L00PX.EQ.20) CALL EXIT CONCH
NCYC=NCYC-1 CONCH
GO TO 10 CONCH

20 CONTINUE CONCH
WORK*WORK+DT*VPISTaN*P(1)*PI*X(NXP)*X(NXP) CONCH
CALL REZONE CONCH
CALL REGRID CONCH
CALL CCFLUX CONCH
CALL MQMFLX CONCH
IF (VPISTON.GT.O..AND.Y(NXP*NYP)-Y(NXP*NY') .LE.DYCHOP) CALL CHOPPERCONCH 

1 (-1) CONCH
IF (VPISTON.LT.O..AND.Y(NXP*NYP)-Y(NXP*NY).GT.FCHOP*DYCHOP) CALL CONCH 

1 CHOPPER (1) CONCH
CALL TEMPER CONCH
LOOPX *0 CONCH
IF (MOD(NCYC,NPOUf)*MGD(NCYC,NFOUT).EQ.O) CALL FULOUT (0) CONCH
GR IND = T IME CONCH
CALL SECOND (TIME) CONCH
GRIND*(TIME-GRIND)*1000./FLO AT(NX*NY) CONCH
TLEFT=TTL-TIME-TQUIT CONCH

w CALL ODRQP (TLEFT) CONCH

39
90
91
92
93
99
95
96
97
98
99
50
51
52
53
59
55
56
57
58
59
60
61
62
63
69
65
66
67
68
69
70
71
72
73
79
75
76
77
78



IF (TltFT.lT.O.O) CALL TAPOUT CONCH
CALL TIMSTP CONCH
IF (NCYC.LT.NCLAST) GO TO 10 CONCH
WRITE (59,40) NCYC,DTOLD,T CONCH
WRITE (6,40) NCYC,DT OLD,T CONCH
WRITE (12,40) NCYC,DTOLD,T CONCH
WRITE (59,50) CONCH
CALL EXIT CONCH

C +++ CONCH
C +++ FORMAT BLOCK CONCH
C CONCH
C CONCH

30 FORMAT {15X,45HCQNCHAS TWO DIMENSIONAL HYDRODYNAMICS PROGRAM//) CONCH
40 FORMAT (1X,6HNCYC =,I5,1X,4HDT =,1PE14.6,1X,3HT *,El4.6,1X,7HNUMITCONCH 

1 *,I 4,IX,7HGRIND S,0PF6.2/5X,11HY(PISTON) »,1PE12.4,IX,11HV(PISTONCONCH 
2) =,E12.4,IX,10HPRESSURE =,E12.4,1X,A1) CONCH

50 FORMAT (2X,18HN0RMAL TERMINATION) CONCH
60 FORMAT (2X,3 SHITERAT I ON DID NOT CONVERGE DT NEW =,IPE12.4,1X,6HNCYCONCH 

1C =, 16 ) CONCH
END CONCH

SUBROUTINE AVISC AVISC
PARAMETER (NXQ = 700, NR Q = 3, NSQ = 12, NE RQ = 6) COMD
COMMON X(NXQ), R(NXQ), Y(NXQ), P(NXQ) COMD
COMMON /HKRAM/ EK(51,NSQ), NR E, NC HEM, HTFORM(NSQ), XKD, OMGCHM, COMD 

1 EPSCHM COMD.
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXC), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXO), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAH4/ VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXC,NSQ), SPM(NXQ,NSG) COMD

7 9
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

2
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18



COMMON /KAH7/ GAMl(NSQ)# TSPD{NSQ)f CV(NSQ)> GAMMA(NSQ)f WT(NSQ)> COMD 
1 RHOKNSQ) COMD

LEVEL Zt CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL Z> RCEN> XCEN» YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(MXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, T8DDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, T8DDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ ) COMD

COMMON /RSC1/ A3DC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
l DO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NCL AST, NCYC, NF OUT, NPOUT, NR, NSP, NY, NY P, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TVU),' TC(9), SPDV(A,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ ) , CN(NSQ,NERQ), NLM(NERQ)COMD

1 i AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PRQG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSG,NRQ), BM(NSQ,NRQ), CM(NSQ,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NS Q,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NPQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NR Q), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (R MV,E ) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD

C ♦♦♦ AVISC
C QUADRATIC ARTIFICIAL VISCOUS PRESSURE AVISC
C AVISC

IF (LAMZER.LE.0.) GO TO 60 AVISC
DO 20 J *1,NY AVISC
IJ«(J-1)*NXP+1 AVISC
IJP*IJ+NXP AVISC
DO 10 1=1,NX AVISC
IPJ*IJ+1 AVISC
IPJP = IJP+1 AVISC

19
20
21
22
23
2A
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

4
5
6
7
8
9

10
11
12
13



Xl-X(IPJ) AVISC
Yl-Y(IPJ) AVISC
U1*UL(IPJ) AVISC
V1*VL(IPJ) AVISC
X2*X(IPJP) AVISC
Y2*Y(IPJP ) AVISC
U2*UL(IPJP) AVISC
V2 = VL( I PJ P) AVISC
X 3*X(IJ P) AVISC
Y3*Y(IJP) AVISC
U3=UL(IJP) AVISC
V3«VL(IJP) AVISC
X4 * X( I J) AVISC
Y4*Y{IJ ) AVISC
U4*UL(IJ) AVISC
V4 * VL(IJ) AVISC
AREA-0.5*( (X2-XA)*(Y3-Y1)-(X L-X3)*(YA-Y2)) AVISC
RAREA=1./AREA AVISC
DUDX=0«5*RAREA*({U2-UA )♦(Y3-Y1)-(U1-U3)*(Y4-Y2 ) ) AVISC
DVDY-0.5+RAREA*((V4-V2)*(X3-X1)-(V1-V3)*{X2-XA)) AVISC
U0R=(U1+U2+U3+UA)/(R(IPJ)+R(IPJP)+R(IJP)+R(IJ)) AVISC
A=DUDX+DVDY+UOR*CYL AVISC
Q(IJ)=LAMZER*RG(IJ)*AREA*A*AMIN1(A»0.) AVISC
IJP=IJP+1 AVISC

10 IJ-IJ+1 AVISC
20 CONTINUE AVISC

DO 50 J = 1» NY AVISC
IJ*(J-l)*NXP+1 AVISC
IJP-IJ+NXP AVISC
DO AO 1=1,NX AVISC
IPJ=IJ+1 AVISC
IPJP=IJP+1 AVISC
XX = 0.5*DT*Q(IJ ) AVISC
RM1»1.0/MV( IPJ) AVISC
,RM2 = 1.0/MV( IPJP) AVISC
RN3=1.0/MV(IJP) AVISC
RMA=1.O/MV(IJ) AVISC
Y2A = Y(IPJ P)-Y( IJ) AVISC
Y31=Y(IJP)-Y(IPJ) AVISC
X2A=X(IPJP)-X(IJ) AVISC

1A
15
16
17
18
19
20
21
22
23
2 A
25
26
27
28
29
30
31
32
33
3 A
35
36
37
38
39
AO
A1
A2
A3
AA
A 5
A6
A7
A8
A9
50
51
52
53



X31*X(IJP)-X(IPJ) AVISC 54
R1»R(IPJ) AVISC 55
R2*P(IPJP) AVISC 56
R3*R(IJP ) AVISC 57
R4»R(IJ ) AVISC 58
R24=0.5*(R2+R4) AVISC 59
R31=0.5*(R3+R1) AVISC 60
UL(IPJ)=UL(IPJ)+XX*RH1*R(IPJ)*(Y(IPJP)-Y(IJ)) AVISC 61
UL{IPJP)*UL(IPJP)+XXtRM2*R(IPJP)*(Y(IJP)-Y(IPJ)) AVISC 62
UL(IJP)=UL(IJP)+XX*RM3*R(IJP)*(Y(IJ )-Y(IPJP) ) AVISC 63
UL(IJ)-UL(IJ)+XX*RH4*R(IJ)*(Y(IPJ)-Y(IJP)) AVISC 64
R24*R(IPJ) AVISC 65
R31*R(IPJP) AVISC 66
VL <IPJ)=VL(IPJ)-XX*RMl*X24*R24 AVISC 67
VL( IPJP) = \/L( IPJP)-XX1*1RM2I*CX31*R31 AVISC 68
R24“R(IJP) AVISC 69
R31 = R ( IJ) AVISC 70
IF (I.NE.l) GO TO 30 AVISC 71
REXTR=R24+R24-R(IPJP) AVISC 72
IF (REXTR.LT.0.) R24=0.5*(R(IPJP)+R24) AVISC 73
REXTR*R31 + R31-R(IPJ ) AVISC 74
IF (REXTR.LT.O. ) R31-0.5*(R(IPJ) + R31) AVISC 75

30 CONTINUE AVISC 76
VL(IJP)=VL(IJP)+XX*RM3*X24>i‘R24 AVISC 77
VL(IJ)*VL(IJ)+XX*RM4»X31*R31 AVISC 78
IJP*IJP+1 AVISC 79

40 IJ*IJ+1 AVISC 80
50 CONTINUE AVISC 81

CALL BC (UL>VL.»WL) AVISC 82
GO TO 80 AVISC 83

60 CONTINUE AVISC 84
IJP=NXP^NY AVISC 85
DO 70 IJ=1>IJP AVISC 86

70 Q(IJ)*0 . AVISC 87
80 CONTINUE AVISC 88

♦ + ♦ AVISC 89
+ + + NODE COUPLER AVISC 90

AVISC 91
IF (ANC.LE.O.) RETURN AVISC 92
DO 100 J = 1> NY AVISC 93



DO 90 I = 1»NX 
IJP*J*NXP+I 
IJ»IJP-NXP 
IPJ*IJ+1 
IPJP«IJP+1
AX = ANC*(U(IPJ)+U(IJP)-U(IJ)-U(IPJP ) ) 
AY * ANC *(V(IPJ) + V(IJP)-V(IJ)-V(IPJP)) 
UL(IJ)*UL(IJ)+AX 
VL(IJ)*VL(IJ)+AY 
UL(IPJ)=UL(IPJ)-AX 
VL(IPJ)*VL(IPJ)-AY 
UK IPJP )*UL (IPJP ) + AX 
VL(IPJP)=VL(IPJP)+AY 
UL(IJP)*UL(IJP)-AX 
VL(IJP)=VL(IJP)-AY 

90 CONTINUE 
100 CONTINUE

CALL BC (UL>VL*WL)
RETURN
END

AVISC 9A 
AVISC 95 
AVISC 96 
AVISC 97 
AVISC 98 
AVISC 99 
AVISC100 
AVI SC 101 
AVISC102 
A VI SC 103 
AVISC10A 
AVI SC 105 
AVI SC 106 
AVISC107 
AVI SC 108 
AVISC109 
AVI SC 110 
AVISC111 
AVISC112 
AVISC113

SUBROUTINE 8C (JX,VX,WX)
PARAMETER (NXQ=700> NRQ= 3^ NSQ = 12> NERQ*6)
COMMON X(NXQ)» R(NX Q)» Y(NXQ), P(NXQ)
COMMON /HKRAM/ EK(51»NSQ)> NRE> NCHEM, HTFORM(NSQ)* XKD, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NSQ)» NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2, XMU, CQND, TEM, HK
COMMON /K AH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ)
COMMON /K AH2/ RO(NXQ), SIE(NXQ), NDUMP
COMMON /KA H3/ U(NXQ), UL(NXG), V(NXC), VL(NXQ), W(NXQ), WL(NXQ) 
LEVEL 2, VOL, MV, MC
COMMON /KAHA/ VOL(N XQ ) , MV(NXQ), MC(NXQ)

BC 2
COMD 2 
COMD 3 
COMD A 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 1A 
COMD 15 
COMD 16



LEVEL Z, SPD* SPM COMD
COMMON /KAH6/ SPD(NXQ* NSQ)* SPM(NXQ»NSQ) COMD
COMMON /KAH7/ GAMKNSQ)* TSPD(NSQ)* CV(NSQ)* GAMMA(NSQ)* WT(NSC)* COMD 

1 RHOKNSQ) COMD
LEVEL 2* CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2* RCEN* XCEN* YCEN* MIP* MUP* MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ)* XCEN(NXG)* YCEN(NXQ)* MIP(NXQ)* COMD

1 MUP(NXQ)* MV P(NXQ)* VRO(NXQ) COMD
LEVEL 2* vJP, ANGVEL* TBDDY * ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL* TBDDY* ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ ) * PL(NXQ), MP(NX Q)* UG(NXQ), VG(NXC)* MVT(NXQ)* ROL(NXQ)* COMD
2 Q(NXQ) COMD

COMMON /RSC 1/ ABDC* GX* GY* STROKE* RPM, VPISTON, YPISTON* YPISTdCOMD
1 DO), DTMAX* ILIM* XMUO* RPR* RSC* DISS* XIGNIT* WORK* NYMAX COMD

COMMON /R$C2/ AO, AOM* AZMOM, AZFAC* BO* CAPDTH* CAPDR* CYL* DX, COMD 
1 DT* DY, DTSAV* EPS* ILNGPI* IREZ* I TMA X * LAMZER* LPR* NAME(8 )* COMD
2 NCLAST* NCYC, NFQUT* NPOUT* NR* NSP* NY, NYP* NX, NXP* NUMIT* QM*COMD
3 OMCYL* PEPS* PI* RADMOM* RDXMAX, RGAS* SIXTH* SWIRL* T* TWLFTH* COMD
4 TOUT* UTMAX* VMAX* WORT* XCONV* XCONVZ* YCONV* YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4*NSC)* SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ*NERQ)* BN(NSQ*NERQ ) * CN(NSQ*NERQ)* NLM(NERQ)COMD

1 * AS(NERQ ) * BS(NER Q), CS(NERQ), DS(NERQ)* ES(NFRQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN* CN COMD
COMMON /RAMCHM/ RwT(NSQ), AM(NS Q* NR Q)* BM(NSQ*NRQ)* C M(NS Q* NRQ)* COMD

1 NELEM(NRQ), AE(NSQ* NRQ)» BE(NSQ*NRQ)* CF(NRQ)* EF(NRQ), ZETAF(NRQCOMD
2 )* CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT* DOMEGA(NRQ)* QR(NRQ) COMD

DIMENSION RDSDP(l)* RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (RMV* E ) COMD
REAL MC* MP* MV* MVT* LAMZER* MIP* MUP* MVP COMD
DIMENSION UX(I), VX(1), WX(l) BC

C +++ BC
C +++ SET VELOCITY BOUNDARY CONDITIONS. BC
C +++ TOP* RIGHT* AND BOTTOM BOUNDARIES ARE NO-SLIP. BC
C ♦♦♦ LEFT BOUNDARY IS FREE-SLIP (AXIS OF SYMMETRY). BC
C ♦++ SEE SUBROUTINES DSDP AND PRESIT FOR MORE BOUNDARY CONDITIONS. BC

oi C ♦++ IT WAS NECESSARY TO PUT SOME CODING IN-LINE FOR EFFICIENCY BC
^ C. + + + IN THE PRESSURE ITERATION. BC

17
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20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

4
5
6
7
8 
9

10
11



u>
00

c ♦♦♦ BC 12
DO 10 J*1,NYP BC 13
IJ*(J-l )*NXP+1 BC 1A
UX(IJ )*0. BC 15
UX(IJ +NX)=0• BC 16
VX(IJ+NX)*0i BC 17
WX(IJ)=0. BC 16
WX(IJ+NX)*0. BC 19
IJ«IJ+l BC 20
DO 20 I*1,NXP BC 21
IJ1*I BC 22
IJ2*NY*NXP+I BC 23
VX(IJ1)*VPISTON BC 24
UXdJD-O. BC 25
WX(IJ1)*0. BC 26
VX(IJ2)=0. BC 27
UX(I02)*0. BC 28
WX(IJ2)=0. BC 29
CONTINUE BC 30
IF (NOL.LE.O) GO TO AO BC 31
DO 30 J *NOB# NOT BC 32
I J* (J-D + NXP + NOL-l BC 33
DO 30 I*NOL»NOR BC 34
IJ-IJ+1 BC 35
UX(IJ)*0. BC 36
VX(IJ )*VPISTON BC 37
WX(IJ)*0. BC 38
CONTINUE BC 39
CONTINUE BC 40
RETURN BC 41
END BC 42

SUBROUTINE CCFLUX CCFLUX 2 
PARAMETER (NXa=7Q0, N RQ* 3» NSQ=12» NERG = 6) COMD 2 
COMMON X(NX G); R(NXQ)> Y(NXQ), P(NXQ) COMD 3 
COMMON /HKRAM/ EK(51»NSQ)» NRE> NCHEM# HTFORM(NSQ)^ XKD> OMGCHM, COMD 4



KJ\VO

1 EPSCHM COMO
LEVEL Zr YL» FL# NCHOP# DYCHOP# FCHOP COMD
COMMON /CHOP/ YL(100) # FL(100#NSQ)# NCHOP# DYCHOP# FCHOP COMD
COMMON /BLK/ ITMIN# NOL# NOR# NOB# NOT# ANC COMD
LEVEL 2# PSD# DELP COMD
COMMON /PTRIAL/ PSD(NXO)# DELP(NXQ) COMD
LEVEL 2# XMU# CQND# TEM# HK COMD
COMMON /KAH1/ XMU(NXQ)# COND(NXQ)# TEM(NXQ)# HK(NSQ) COMD
COMMON /KAH2/ RQ(NXQ)# SIE(NXQ)# NDUMP COMD
COMMON /KAH3/ U(NXQ)# UL(NXQ)# V(NXQ)# VL(NXQ)# W(NXQ)# WL(NXQ) COMD 
LEVEL 2# VOL# MV, MC COMD
COMMON /KAH4/ VOL(NXQ)# MV(NXQ)# MC(NXQ) COMD
LEVEL 2# SPD# SPM COMD
COMMON /KAH6/ SPD(NXQ#NSQ ) # SPM(NXQ#NSQ) COMD
COMMON /KAH7/ GAMKNSQ)# TSPD(NSQ)# CV(NSQ)# GAMMA(NSQ)# WT(NSQ)# COMD 

1 RHOKNSQ) COMD
LEVEL 2# CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2# RCEN# XCEN, YCEN, MIP, MUP# MVP# VRO COMD
COMMON /TEMPCH/ RCEN(NXQ)# XCEN(NXQ)# YCEN(NXQ)# MIP(NXQ)# COMD

1 MUP(NXQ)# MVP(NXQ)# VRO(NXQ) COMD
LEVEL 2# WP# ANGVEL# TBDDY# ADIA# AIRMU COMD
COMMON /SWRL/ WP(NXQ)# ANGVEL# TBDDY# ADIA# AIRMU COMD
COMMON /RSC/ RC(NXQ)# URtL(NXQ)# VREL(NXQ)# E(NX Q) # UP(NXQ), COMD

1 VP(NXQ), PL(NXQ)# MP(NXQ)# UG(NXQ), VG(NXQ)# MVT(NXQ)# ROL(NXQ)# COMD
2 Q(NXQ) COMD

COMMON /RSC1/ ABDC# GX# GY# STROKE# RPM# VPISTON# YPISTON# YPISTdCOMD
1 00), DTMAX# ILIM# XMUO# RPR# RSC# DISS# XIGNIT# WORK# NYMAX COMD

COMMON /RSC2/ AO# AOM# AZMOM# AZFAC# BO# CAPDTH, CAPDR# CYL# DX# COMD 
1 DT# DY, DTSAV# EPS# ILNGPI# IREZ# ITMAX# LAMZER# LPR# NAME(B)# COMD
2 NCLAST# NCYC# NFQUT# NPOUT# NR# NSP# NY# NYP# NX# NXP# NUMIT, OM#COMD
3 OMCYL# PEPS# PI# RADMOM# RDXMAX, RGAS# SIXTH# SWIRL# T# TWLFTH# COMD
4 TOUT# UTMAX# VMAX# WORT# XCONV# XCONVZ# YCONV# YCONVZ COMD

COMMON /MARGON/ TV(A)# TC(9)# SPDV(4»NSQ)# SPDC(9#NSQ) COMD
COMMON /CHEME/ AN(NSQ#NERQ)# BN(NSQ#NERQ ) # CN{NSQ#NERQ)# NLM(NERQ )COMD

1 # AS (NERQ ) # BS (NE RQ) # CS(NERQ)# DS(NERQ)# ES(NERQ)# PROG(NEP.Q)# COMD
2 QEQ(NEPQ) COMD

INTEGER AN# BN, CN COMD
COMMON /RAMCHM/ RwT(NSQ)# AM(NS Q# NR Q)# BM(NSQ# NRQ)# CM(NS Q# NRQ)# COMD

1 NELEM(NRQ), AE(NSQ#NRQ), BE(NSQ#NRQ)# CF(NRO)# EF(NRQ), ZETAF(NRQCOMD

5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
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39
40
41
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44



OsO

C ♦ + +
c ♦♦♦ 
c +++

! )# CB(NRQ), EB(NRQ )> ZETAB(NRQ), TCUT> DOMEGA(NRQ), QR(NRQ) COMD A5
DIMENSION RDSDP(l), RMV(l) COMD 46
EQUIVALENCE (UG>RDSDP)> (RMV^E) COMD 47
REAL MC> MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD 48
DIMENSION AT(100), FT(IOO) CCFLUX 4 

CCFLUX 5
PHASE III. FLUXING OF CELL CENTERED QUANTITIES CCFLUX 6 

CCFLUX 7
DO 30 JS1,NY CCFLUX 8
IJ*(J-l)*NXP+1 CCFLUX 9
IJP-IJ+NXP CCFLUX10
IJM-IJ-NXP CCFLUX11
DO 20 1=1,NX CCFLUX12
IMJ*IJ-l CCFLUX13
IPJ*IJ+1 CCFLUX14
IPJP=IJP+1 CCFLUX15
X1 = X (IPJ ) CCFLUX16
Y1*Y(IPJ ) CCFLUX17
R1»R(IPJ ) CCFLUX18
X2*X(IPJP ) CCFLUX19
Y2«Y(IPJP) CCFLUX20
R2=R(IPJP) CCFLUX21
X3*X(IJP) CCFLUX22
Y3*Y(IJP ) CCFLUX23
R3«R (UP) CCFLUX24
X<f*X(I J ) CCFLUX25
Y4 = Y(IJ ) CCFLUX26
R4=R(IJ) CCFLUX27
XP1=X1-UREL(IPJ)*DT CCFLUX28
XP2*X2-UREL(IPJP)*DT CCFLUX29
XP3=X3-UREL(IJP)*DT CCFLUX30
X P4 = X A-UR E L(IJ)* DT CCFLUX31
YP1=Y1-VREL(IPJ)*DT CCFLUX32
YP2=Y2-VREL(IPJP)*DT CCFLUX33
YP3sY3-VREL(IJP)*DT CCFLUX34
YPA = Y^-VREL(IJ)* D T CCFLUX35
RP1=XP1*CYL+OMCYL CCFLUX36
RP2=XP2*CYL+OMCYL CCFLUX37
RP3=XP3*CYL+OMCYL CCFLUX38
RP<, = XP^*C YL + OMCYL CCFLUX39



VOL R«VOL(IJ)
VOLT-VOL(IJ)
VOLC=VOL(IJ)
IF (I.NE.NX) VOLR*VOL(IPJ) 
IF (J.NE.NY) VOLT*VOL ( UP) 
FLL—FR 
AL*-AR
IF (I.6Q.1) FLL*AL=0. 
FB«-FT(I)
AB*-AT(I)
IF (J.EQ.l) FB = AB =0.

CCFLUXAO 
CCFLUX41 
CCFLUXA2 
CCFLUXA3 
CCFLUX<tA 
CCFLUXA5 
CCFLUX^tb 
CCFLUX^? 
CCFLUX^B 
CCFLUXA9 
CCFLUX50

FR«((XP1*(Y1-YP2) + X1* <YP2-YP1) + XP2*(YP1-Y1))*(RP1 + R1 + RP2) + (X1*(Y2 CCFLUX51 
1 -YP2)+X2+(YP2-Y1)+XP2*(Y1-Y2))♦(R1+R2+RP2))*TWLFTH CCFLUX52

AR-AOM^SIGNd.fFRJ+BO+A.+FR / ( VOLR + VOLC) CCFLUX 53
FT(I)b((XP3*(YP2-Y3)+XP2*(Y3-YP3)+X3*(YP3-YP2))*(RP3+RP2+R3)+(XP2+CCFLUX5A

1 (Y2-Y3)+X2*(Y3-YP2)+X3*(YP2-Y2))*(RP2+R2+R3))*TWLFTH 
AT(I)»A0M*SIGN(1.#FT(I))+BO*A.*FT(I)/(VOLT+VOLC) 
S1»FR*(1.-AR)
S2»FR*(1.+AR)
S3*FT( I )*{1.-AT(1))
SA*FT(I)*(1.+AT(I) )
S5*FLL*(1.-AL)
S6«FLL*(1.+AL)
S7*FB*(1•-A8)
S8*FB*(1.+AB)
S9-S1+S3+S5+S7 
MP(IJ)*0•
MJP*IJP 
MPJ-IPJ 
MJM*IJM 
MMJ *IMJ
IF (I.EQ.l) MMJ * IJ 
IF (I.EO.NX) MPJ *1J 
IF (J.EO.l) MJ M = IJ 
IF (J.EO.NY) MJ P s IJ 
DO 10 K*1»NSP

CCFLUX55 
CCFLUX56 
CCFLUX57 
CCFLUX58 
CCFLUX59 
CCFLUX60 
CCFLUX61 
CCFLUX62 
CCFLUX63 
CCFLUX64 
CCFLUX65 
CCFLUX66 
CCFLUX67 
CCFLUX68 
CCFLUX69 
CCFLUX70 
CCFLUX71 
CCFLUX72 
CCFLUX73 
CCFLUX74 
CCFi 11X75

SPM(IJ*K)-MIP(IJ)*SPD(IJfK)+S9*SPD(IJ#K)+S2*SPD(MPJ#K)+S«*SPD(MJP CCFLUX76 
1 >K)+S6*SPD<MMJ,K)+S8*SPD(MJM,K) CCFLUX77

MP(IJ)»MP(IJ)+SPM(IJ,K) CCFLUX78
10 CONTINUE CCFLUX79



r>
 o

 o
 o

O'
ho SIE(IJ)=(MC(IJ)*E(IJ)+S9*R0L{IJ)*E{IJ)+S2*R0L(MPJ)»E(MPJ)+S^*R0L 

1 (MJP)*E(MJP)+S6I*tR0L{HMJ)*t(MMJ)+S8*RQL(MJM)*E(MJM))/MP{IJ)
AIR*(X£*(Y3-Y1)-X1*(Y3-Y2)-X3*(Y2-Y1))*(R1+R2+R3)
ABL=-(X1*(YA-Y3)+X3*(Y1-Y4)+X^»(Y3-Y1))*(R3+R4+R1)
VOL(IJ)=SIXTH*(ATR+A8L)
IJ*IPJ 
I JP*IPJP 

20 IJM*IJM+1 
30 CONTINUE

00 60 J *!> NY 
IJ«(J-l)*NXP+1 
UP* IJ + NXP 
DO 50 I=1 * NX 
IPJ=IJ+1 
IPJP*IJP+1 
MC(IJ)*MP(IJ )
R0(IJ)*MC(IJ)/VlL(IJ )
DO AO K = 1> NS P
SPD(IJ>K)=SPM(IJ>K)/VOL(IJ)

AO CONTINUE
MVT(IJ )*MVT(IJ)+0»25*MC(IJ)
MVT(IPJ)=MVT(IPJ)+0.25*MC(IJ)
MVT(IPJP)=MVT(IPJP)+0.25*MC(IJ)
MVT(IJP)-MVT(IJP)*0.25*MC(IJ)
IJ*IJ+1 

50 IJP*IJP+1 
60 CONTINUE 

RETURN 
END

CCFLUX80 
CCFLUX81 
CCFLUX82 
CCFIUX83 
CCFLUX8A 
CCFLUX85 
CCFLUX86 
CCFLUX87 
CCFLUX88 
CCFLUX89 
CCFLUX90 
CCFLUX91 
CCFLUX92 
CCFLUX93 
CCFLUX9A 
CCFLUX95 
CCFLUX96 
CCFLUX97 
CCFLUX98 
CCFLUX99 
CCFLU100 
CCFLU101 
CCFLU102 
CCFLU103 
CCFLU10A 
CCFLU105 
CCFLU106 
CCFLU107 
CCFLU108

SUBROUTINE CHEM CHEM 2
CHEM 3

THIS SUBROUTINE CALCULATES THE CHANGE IN SPECIES DENSITIES AND CHEM A
INTERNAL ENERGY DUE TO CHEMICAL REACTIONS CHEM 5

CHEM 6
INTEGER AM, BM, CM CHEM 7



ON
UJ

PARAMETER (NXQ-700> NR0 = 3» NSQ = 12» NERQ = 6 ) COMD
COMMON X(NXQ), R(NXQ), Y(NXQ)> P(NXQ) COMD
COMMON /HKRAM/ EK(51*NSQ)> NRE, NC HE M/ HTFORM(NSQ ) ^ XKD # OMGCHM, COMD 

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMI'N, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXC), DELP(NXQ) COMD
LEVEL 2, XMU, CQND, TEM, HK COMD
COMMON /KAHI/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RQ(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXQ,NSQ) COMO
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), wT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ ) , VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 DO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMA X, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, QM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SwIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ ) , BN{NSQ,NERQ), CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NERQ ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NE RQ), COMD
2 QEQ(NERQ) COMD

2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41



o> INTEGER AN, 8N, CN COMD 42
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ,NRQ), BM(NSQ,NRQ), CM(NSQ,NRQ), COMD 43

1 NELEM(NRQ), AE(NSQ,NRQ)» Bt(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 44
2 ), CB(NRQ), E3 (NRQ ) , ZE TAB(NRQ), TCUT, DOMEGA(NRQ ), QR(NRQ) COMD 45

DIMENSION RDSDP(l), RMV(l) COMD 46
EQUIVALENCE (UG,RDSDP), (RMV,E) COMD 47
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD 48
REAL KF, KB CHEM 9
IF (NR.LE.O) RETURN CHEM 10
JC—NXP CHEM 11
DO 80 J *1,NY CHEM 12
JC*JC+NXP CHEM 13
DO 80 1*1,NX CHEM 14
IF (I.GE.NOL.AND.I.LT.NOR. AND.J .GE.NOB.AND.J.LT.NOT) GO TO 80 CHEM 15
IJ*I+JC CHEM 16
TIJ*TEM(IJ ) CHEM 17
IF (TIJ.LT.TCUT ) GO TO 80 CHEM 18
RTIJ-l./TI J CHEM 19
DO 70 L=1,NR CHEM 20
DOMEGA(L)*0 . CHEM 21
R P* 1. CHEM 22
PP*1. CHEM 23
NS*NELEM(L) CHEM 24
DO 20 KK = 1,NS CHEM 25
K*CM(KK,L) CHEM 26
ROM=SPD(IJ,K)+RWT(K) CHEM 27
IF (AM(K,L).EQ.O) GO TO 10 CHEM 28
IF (ROM.LE.O.) RP*0• CHEM 29
IF (ROM.GT.O.) RP«RP*ROM**AE(K,L) CHEM 30

10 CONTINUE CHEM 31
IF (BM(K,L).EQ.O) GO TO 20 CHEM 32
IF (ROM.LE.O.) PP=0. CHEM 33
IF (ROM.GT.O.) PP»PP*ROM*+BE(K,L) CHEM 34

20 CONTINUE CHEM 35
KB*0. CHEM 36
KF*0 . CHEM 37
TEB-1. CHEM 38
TEF*1. CHEM 39
EKB*1. CHEM 40
EKF*1. CHEM 41



o o
 o

 o
 o

 o
IF (CB(L).LE.O.) GO TO 30 CHt M 42
BACKWARD REACTION COEFFICIENT CHEM 43
IF (EB(L).NE.O.) EKB»QtXP(-EB(L)+RTIJ) CHEM 44
IF (ZETAB(L).NE.0.) TE8«TIJ**ZETA 8(L) CHEM 45
KB«CB(L)*TEB*EKB CHEM 46

30 CONTINUE CHEM 47
IF (CF(L) • LE•0•) GO TO 40 CHEM 48
FORWARD REACTION COEFFICIENT CHEM 49
IF (EF(L).NE.O.) EKF=QEXP(-EF(L)*RT1J) CHEM 50
IF (ZETAF(L ) .NE.O.) TEF = T IJ♦♦ZETAF(L ) CHEM 51
KF«CF(L)»TEF*EKF CHEM 52

40 CONTINUE CHEM 53
CHEM 54

IF ANY RATE COEFFICIENTS CANNOT 86 PUT IN STANDARD FORM CHEM 55
CODE THEM BY HAND AND PUT THEM HERE CHEM 56

CHEM 57
FIND THE REFERENCE SPECIES CHEM 58

CHEM 59
0MEG*KF*RP-K8*PP CHEM 60
RMIN*0. CHEM 61
DOMEGA(L)*0. CHEM 62
IF (OMEG.EQ.O.) GO TO 70 CHEM 63
DO 50 KK*1,NS CHEM 64
K«CM(KK,L) CHEM 65
IF (SPD(IJ#K).LE.O.) GO TO 50 CHEM 66
ROM=OMEG*(BM{K,L)-AM(K,L))*WT(K)/SPD(IJ,K) CHEM 67
IF (ROM.GE.O.) GO TO 50 CHEM 68
IF (ROM.LT.RMIN) KREF = K CHEM 69
IF (ROM.LT.RMIN) RMIN=R0M CHEM 70

50 CONTINUE CHEM 71
ROM*SPD(IJ»KREF)*RWT(KREF) CHEM 72
CTOP»AM(KREF,L)*KB»PP+BM(KREF,L)*KFtRP CHEM 73
CBOT *AM(KREF>L)+KF*RP + BM(KREF>L)♦KB *PP CHEM 74
ROMREF=ROM*(ROM+DT*CTOP)/(ROM+DT+CBOT) CHEM 75
DOMEGA! L) MROMREF-ROM) / { BM(KREF,L )-AIMKREF>L) ) CHEM 76
DO 60 K*1> NS P CHEM 77
BMA*(BM(K,L)-AM(K,L))*DOMEGA(L) CHEM 78
SPD(IJ»K)*SPD(IJ»K)+WT(K)YBMA CHEM 79

60 CONTINUE CHEM 80
DRE*QR(L)*DOMEGA(L) CHEM 81



E(I4)*E(IJ) + DRE/R0(IJ ) CHEM 82
70 CONTINUE CHEM 83
80 CONTINUE CHEM 84

C CHEM 85
C +♦+ IGNITION PROCEDURE CHEM 86
£++4 CHEM 87

IJ=(NY-1)*NXP+1 CHEM 88
IF (TEM(IJ).LT.1600.) E<IJ)»E(IJ)*<1.+X IGNIT) CHEM 89
RETURN CHEM 90
END CHEM 91

C
c
c
c

SUBROUTINE CHEMEQ
+ + +
♦♦+ THIS SUBROUTINE CALCULATES THE CHANGE IN SPECIES DENSITIES AND 
+++ INTERNAL ENERGY DUE TO EQUILIBRIUM CHEMICAL REACTIONS
♦ ♦♦

PARAMETER (NXQ*700, NRG*3» NSQ=12» NERQ-6)
COMMON X(NXQ), R(NXQ), Y(NXQ), F(NXQ)
COMMON /HKRAM/ EK(51jNSQ)» NR E > NCHEM, HTFORM(MSQ)> XKD# OMGCHM,

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), OELP(NXQ)
LEVEL 2, XMU, COND, TEM, HK
COMMON /K AH1/ XMU(NXC), COND(NXG), TEM(NXQ), HK(NSO)
COMMON /KAH2/ RO(NXG), SIE(NXQ), NDUMP
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXG), W(NXO), WL(NXQ) 
LEVEL 2, VOL, MV, MC
COMMON /KAH4/ VOL(NXO), MV(NXQ), MC(NXQ)
LEVEL 2, SPD, SPM
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXC,NSu)
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSO), GAMMA(NSQ), WT(NSQ), 

1 RHOKNSQ)
LEVEL 2, CVT
COMMON /KAH8/ CVT(NXQ)

CHEMEQ 2 
CHEMEQ 3 
CHEMEQ 4 
CHEMEQ 5 
CHEMEQ 6 
COMD 2 
COMD 3 
COMD 4 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 14 
COMD 15 
COMD 16 
COMD 17 
COMD 18 
COMD 19 
COMD 20 
COMD 21 
COMD 22



AIRMU 
E(NX Q)> UP(NX Q)>

LEVEL Z> RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO 
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ),

1 MUP(NXO), MVP(NXQ), VRO(NXQ)
LEVEL 2, WP, ANGVEL, TBDOY, ADIA, AIRMU 
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA,
COMMON /RSC/ RC(NXQ), UREL(NXQ), VRELINXQ),

1 VP(NXQ ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ),
2 Q(NXQ)

COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM,
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS,

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO,
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, l a n 4 fc k,

NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD 
RGAS, SIXTH, SWIRL, T, TWLFTH, COMD 

XCONV, XCONVZ, YCONV, YCONVZ COMD
SPDV(4,NSQ), S PDC(9,NS Q) COMD

BN(NSQ,NERQ ), CN(NSQ,NERQ), NLM(NERQ)COMD 
DS(NERQ), ES(NERQ), PROG(NERQ), COMD

COMD

2 NCLAST, NCYC, NFQUT, NPOUT,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX,
4 TOUT, UTMAX, VMAX, WORT,

COMMON /MARGON/ TV(4), TC(9), 
COMMON /CHEME/ AN(NSQ,NERQ ),

1 , AS(NERQ), BS(NERQ), CS(NERQ),

COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD

VPISTON, YPISTON, YPISTdCOMD 
XIGNIT, WORK, NYMAX COMD
CAPDTH, CAPDR, CYL, DX, COMD 

LAMZER, LPR, NAME ( 8), COMD

2 QEQ(NERQ)
INTEGER AN, BN, CN 
COMMON /RAMCHM/ RWT(NSQ),

1 NELEM(NRQ), AE(NSQ,NRC),
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), 

DIMENSION RDSDP(l), RMV(l) 
EQUIVALENCE (UG,RDSDP), (RMV,E ) 
REAL MC, MP, MV, MVT, LAMZER, MIP, 
REAL KCS
DIMENSION EQC(NERQ)
DATA TCUTE /1200./
DATA NCHEM, NERR /100,G/
IF (NRE.LE.O) RETURN 
JC—NXP 
DO 90 J *1,NY 
JC*JC+NXP

COMD
AM(NS Q,NRQ), BM(NSQ,NRQ), C M(NS Q,NRQ), COMD 
BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 

TCUT, DOMEGA(NRQ ) , QR(NRQ) COMD
COMD 
COMD

MUP, MVP COMD
CHEMEQ

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48 

8
CHEMEQ 9
chemeqio
CHEMEQ11
CHEMEQ12
CHEMEQ13
CHEMEQ14
CHEMEQ15

DU 90 1*1,NX
IF (I,GE.NOL.AND.I,LT.NOR.AND.J.GE.NOB.AND.J.LT.NOT) GO TO 
IJ*I+JC
TIJ*TEM(IJ )
IF (TIJ.LT.TCUTE) GO TO 90 
TA*.001*TIJ

90
CHEMEQ16
CHEMEQ17
CHEMEQ18
CHEMEQ19
CHEMEQ20
CHEMEQ21



O'
00

10

20

30

40

TA10G=QL0G(TA) CHEMEQ22
DD 10 L = 1> NR E CHEMEQ23
EQC{L)-QEXP(AS(L)*TALOG+bS(L)/TA+CS(L)+TA*(DS(L)+ES(L)*TA)) CHEMEQ24
CONTINUE CHEMEQ25
RR0CV»1./(R0(IJ)*CVT(IJ)) CHEME026
N*0 CHEMEQ27
BEGIN NCHEM LOOP CHEMEQ28
CONTINUE CHEHEQ29
N*N + 1 CHEMEQ30
ICONV3 0 CHEMEQ31
DO 80 L = 1# NRE CHEMEQ32
PRMAX = 1. E +200 CHEMEQ33
PRMIN=-1,E+200 CHEMEQ34
R P = 1 • CHEMEQ35
PP-1. CHENEQ36
NS *NL M(L ) CHEMEQ37
P1 = 0. CHEMEQ38
R1 * 0. CHEMEQ39
DO 40 KK=1,NS CHEMEQ40
K *C N ( KK » L ) CHEMEQ41
R0M=AMAX1(SPD(IJ,K),1.E-■ 8 0 ) * R W T (K ) CHEMEQ42
IA8=AN(K»L)-BN(K# L ) CHEMEQ43
CONK=-IA8/R0M CHEME 044
IF (IAS.GT.O) PRMAX=AMIN1(PRMAX»R0M/IAB) CHEME 045
IF (IAB.LT.O) P«MIN=AMAX1(PRMIN,ROM/IAB) CHEMEQ46
IF (AN(K,L).EQ.O) GO TO 30 CHEMEQ47
R1*R1+AN(K,L)*CGNK CHEMEQ48
RP=RP*ROM**AN(K,L) CHEMEQ49
CONTINUE CHEMEQ50
IF (BN(K,L).EQ.O) GO TO 40 CHEMEQ51
P1»P1+BN(K»L)*CONK CHEMEQ52
PP*PP*ROM^*BN(K#L) CHEMEQ53
CONTINUE CHEMEQ54
R2»-(1.+R1*PRMAX)/(PRMAX*PRMAX) CHEMEQ55
P2«-{1.+P1*PRMIN)/(PRMIN*PRMIN) CHEMEQ56
KC S * EOC(L ) CHEMEQ57
DSS=KCS*RP-PP CHEMEQ58
IF (ABS(DSS).GT.EPSCHM+PP) ICONV-1 CHEMEQ59
D1=KCS*RP»R1-PP*P1 CHEME060
D2*KCS’*ERP*R2-PP<tP2 CHEMEQ61



ARG»D1*D1-4.*D2*DSS
IF (D2.NE.0..AN0.ARG.GE.0.) GO TO 50 
PROG(l)s-DSS/Dl 
GO TO 60 

50 CONTINUE
ROOT *SQRT(ARG)
PROG(L)■(-Di-ROQT)/(2.*02)
IF (PROG(L)*OSS.LT.O.) PR0G(L)«0.

60 CONTINUE
PROG(L)*OMGCHIi*PROG(L)
PROGtL )*AMINI(PROG(L) >0.9*PRiiAX )
PROG(L)=AMAX1(PROG(L)#0.9*PRMIN)
DO 70 K®I> NSP
B MA *( BN (K,U-AN (K,L))* PROGtL) 
SPD(IJ»K)sSPO(IJ»K)+WT(K)*BMA 

70 CONTINUE
DRE=QEQ(L)*PROG(L) 
E(IJ)*E(IJ)+DRE/RO(IJ)

80 CONTINUE
IF (ICONV.EQ.l.AND.N.LT.NCHEM) GO TO 

90 CONTINUE 
RETURN 
END

CHEME Q62 
CHEME063 
CHEMEQ6A 
CHEMEQ65 
CHEMEQ66 
CHEMEQ67 
CHEMEQ68 
CHEMEQ69 
CHEMEQ70 
CHEMEQ71 
CHEMEQ72 
CHEME073 
CHEMEQ7A 
CHEMEQ75 
CHEMEQ76 
CHEMEQ77 
CHEME 078 
CHEMEQ79 
CHEMEQ80

20 CHEMEQ81
CHEMEQ82
CHEMEQ83
CHEMEQ8A

O'
VO

SUBROUTINE CHOPPER (NDIF)
PARAMETER (NXQ=700> NRQ=3> NS0»12» NER0=6)
COMMON X(NX 0)> R(NX 0)» Y(NXQ)> P(NXO)
COMMON /HKRAM/ EK(51#NSQ)# NRE, NCHEM, HTFORM(NSQ)> XKD, OMGCHM, 

1 EPSCHM
LEVEL Z» YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2, XMU, COND, TEM, HK
COMMON / K A H1 / XMU(NXO)-, CQND(NXQ), TEh(NXG), HK(NSQ)
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP

CHOP 2 
COMD 2 
COMD 3 
COMD A 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13



~~4O COMMON /KAH3/ U(NXQ), Ul(NXQ), V(NXQ)# VL(NXO), W(NXQ), WL(NXQ) COMD 
LEVEL 2p VOL> MV, MC COMD
COMMON /KAH4/ VQL(NXG), MV(NXO), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXa,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MJP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /$ w R L/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UGINXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /R SC 1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NA ME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(A)» TC(9), SPDV(A,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ A N (N 5 Q , NE R Q ) , B N (N S Q , N E RQ ) , CN (NSQ, NERQ ),' N L M ( NE R Q ) COM D

1 , AS(NERQ), BS(NERO), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NtRQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ,NRQ), BM(NSQ,NRQ)» CM(NSQ,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ ), BE(NS Q,NRQ ) , CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRQ), EB(NPQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (RMV,E ) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD

C ♦♦♦ CHOP
C ♦++ THIS ROUTINE ADDS OR DELETES ONE ROW CF CELLS AT THE TOP OF THE CHOP
C +++ MESH. YL = TEMPORARY STORAGE OF NEW Y, FL IS TEMPORARY STORAGE CHOP
C ♦++ OF NEW DEPENDENT VARIABLES. CHOP
C ♦♦♦ CHOP

14
15
16 
17 
18.
19
20 
21 
22
23
24
25
26 
27 
2 8
29
30
31
32
33
34 
3 5
36
37
38
39
40
41
42
43
44
45
46
47
48

4
5
6
7
8



IF (NY,EQ.NYMAX .AND .NDIF .EQ.l) RETURN CHOP 9
LX * 1 CHOP 10
IF (NDIF.LT.O) LX—1 CHOP 11
LY-NY+LX CHOP 12
LYP=NYP+LX CHOP 13
WRITE (59»180 ) NCYC CHOP 1A
DYNEW* (Y(NXP*NYP)-Y (NXP*NC)T) ) / FLO AT ( LY P-NOT ) CHOP 15
YL(NOT)=Y(NXP+NGT) CHOP 16
DO 10 J =NOT> L Y CHOP 17

10 YL(J+1)=YL(J)+DYNEW CHOP 18
CHOP 19

♦ ♦•f REZONE SPD, RO, SIE. CHOP 20
+ •»• + CHOP 21

NSPP*NSP+1 CHOP 22
DO 80 1*1,NX CHOP 23
DO 50 JL-NOT,LY CHOP 2 A
DO 20 K=1,NSPP CHOP 25
FL(JL,K)=0. CHOP 26

20 CONTINUE CHOP 27
DO AO J*NOT,NY CHOP 28
IJ*NXP*( J-D+I CHOP 29
I JP*IJ + NXP CHOP 30
IF (Y(IJP).LE.YL(JL).OR.Y(IJ).GE.YL(JL+1)) GO TO AO CHOP 31
FRAC*(AMIN1(Y(IJP),YL(JL+1))-AMAX1(Y(IJ),YL(JL)))/(Y(IJP)-Y(IJ)) CHOP 32
DO 30 K = l,NS P CHOP 33

30 FL(JL,K)=FL(JL,K)+FRAC*SPD(IJ,K)*VOL(IJ) CHOP 3 A
FL(JL,NSP+1)=FL(JL,NSP+1)+FRAC*SIE(IJ)*MC(IJ) CHOP 35

AO CONTINUE CHOP 36
50 CONTINUE CHOP 37

DO 70 JL*NOT,LY CHOP 38
IJ*(JL-1)*NXP+I CHOP 39
SIE(IJ)*FL(JL,NSP+1) CHOP AO
R0(IJ)=0. CHOP A 1
DO 60 K = 1,NS P CHOP A2
SPD( IJ,K)* F L(JL,K) CHOP A3

60 RO(IJ)=RQ(IJ)+SPD(IJ,K) CHOP A4
70 CONTINUE CHOP A5
80 CONTINUE CHOP A6

+ + ♦ CHOP A7
VELOCITY INTERPOLATION CHOP 48
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DO 160 1=1,NX CHOP 87
DO 160 J=NQT,LY CHOP 88
I JP = J + NXP+I CHOP 39
I J*IJP-NXP CHOP 90
IPJP*IJP+1 CHOP 91
IPJ»IJ+1 CHOP 92
ATR»{X(IPJP)*(Y(IJP)-Y(IPJ))-X(IPJ)*(Y(IJP)-Y(IPJP))-X(IJP)* CHOP 93

1, (Y(IPJP)-Y(IPJ)))*(R(IPJ)+R(IPJP)+R(IJP) ) CHOP 9A
ABL«(X(IPJ)*{Y(IJ)-Y(IJP))+X{IJP)*(Y(IPJ)-Y(IJ))+X(IJ)*(Y(IJP)- CHOP 95

1 YCIPJ)))*(R(IJP)+R(IJ)+R( IPJ) ) CHOP 96
V0L(IJ)=SIXTH*(4TR-A8L) CHOP 97
MC(IJ)»RO(IJ) CHOP 98
RO(IJ)*MC(IJ)/VQL(IJ ) CHOP 99
SIE(IJ)-SIE(IJ)/MC(IJ) CHOP 100
DO 150 K=l,NSP CHOP 101

150 SPD(IJ,K)=SPD(IJ,K)/VOL(IJ) CHOP 102
MV(IJ)»0.25*MC(IJ)+MV(IJ) CHOP 103
HV(IPJ)*0.25*MC(IJ)+MV(IPJ) CHOP 10 A
MV (IJ P ) *0 • 2 5*MC ( IJJ+MVdJP) CHOP 105
MV(IPJP)=0.25*MC(IJ)+MV(IPJP) CHOP 106

160 CONTINUE CHOP 107
NY* L Y CHOP 108
NYP*LYP CHOP 109
IF (LX.EQ.-l) RETURN CHOP 110
DO 170 1=1,NX CHOP 111
IJ*(NY-1)*NXP+I CHOP 112
TEM(IJ)=TEM(IJ-NXP) CHOP 113
CVT(IJ)=SIE(IJ)/TEM(IJ ) CHOP 114

170 CONTINUE CHOP 115
RETURN CHOP 116

+ + + CHOP 117
CHOP 118

180 FORMAT (IX,2AHCH0PPER CALLED ON CYCLE ,16) CHOP 119
END CHOP 120

^4
OJ



o 
o 

o
SUBROUTINE CONTUR ( L > KS P, I PI, J PI , CCi, X, Y , T , NC YC ) CONTUR 2
COMMON /BLK/ ITMIN# NOL> NOR, NOB, NOT CONTUR 3
DIMENSION C Q(1) , X(l), Y(l) CONTUR 4
DIMENSION 1X1(2), IYK2), XCO(^), YCO(^), C ON(40) CONTUR 5
DIMENSION MESSUO) CONTUR 6
DIMENSION LABC(20) CONTUR 7
DATA (MESS (I ),I31,7 ) /10HIS0BARS ,10HIS0PYCNICS,10HSIE , CONTUR 8

1 10HVA IS0TACH,10H ,10HIS0THERMS ,10HVISCQSITY / CONTUR 9
DATA NCON /ll/ C0NTUR10
DATA (IABC(K),K*1,12> /4HFUEL,2H02,2HN2,3HC02,3HH20,1HH,2HH2,1H0, C0NTUR11

1 1HN,2H0H,2HC0,2HNQ/ C0NTUR12
CONTUR13

CONTOUR PLOTS OF ARRAY CQ C0NTUR14
C0NTUR15

IP2-IP1+1 C 0NTUR16
JP2*JP1+1 CQNTUR17
JBAR*JP1-1 C0NTUR18
IBAR=IP1-1 C0NTUR19

+ + ♦ C0NTUR20
+♦+ SET SCALING FACTORS C0NTUR21
+ + + C0NTUR22

XL*1»E +70 C0NTUR23
YB*XL C 0NTUR24
XR *-XL CONTUR25
YT* XR C0NTUR26
DO 20 J = 1,J P2 C0NTUR27
DO 10 1=1,IP2 C0NTUR28
IJ=(J-1)*IP2+I C0NTUR29
XL=AMINllXL,X(IJ)) C0NTUR30
XR=AMAX1(XR,X(IJ)) C0NTUR31
YB=AMIN1(Y3,Y(IJ)) C 0NTUR32
YT=AMAX1(YT,Y(IJ)) C 0NTUR33

10 CONTINUE C0NTUR34
20 CONTINUE C0NTUR35

F IYB=916. C0NTUR36
XD=(XR-XL)/(YT-Y8) C0NTUR37
YY = 0 • C0NTUR38
IF (XD.LT.1.13556) YY=1. C0NTUR39
FIXL=AMAX1(0.,(511.-A50.*XD)*YY) C0NTUR40
FIXR=(511.+A50.*XD)*YY+1022.*(1.-YY) C0NTUR41



FIYT»lb.*YY+(9l6.-1022./XD)*(l.-YY) C0NTUR42
XC0NV=(F1XR-FIXL)/(XR-XL) C0NTUR43
YCONV*(FIYT-FIY3)/(YT-YB) C0NTUR44

c +++ C0NTUR45
c ♦++ SET CONTOUR VALUES C 0NTUR46
c C0NTUR47

QMN*1•E + 200 C0NTUR48
QMX»-QMN C0NTUR49
00 50 J=1>JP1 C0NTUR50
IJS (J-D + IP2 + 1 C0NTUR51
DO 40 I»1*IP1 C0NTUR52
IF (I.GE.N0L.AND.I.LT.N0R.AND.J.6E.NQB.AND.J.LT.N0T) 60 TO 30 C0NTUR53
QMN*AMIN1(CQ(IJ)#QNN) C0NTUR54
QMX*AMAX1(CQ(IJ)fQMX) C0NTUR55

30 CONTINUE C0NTUR56
40 IJ«IJ+l C0NTUR57
50 CONTINUE C0NTUR58

XX *OMX-QMN C0NTUR59
IF (XX.LE.0.001*ANAX1(ABS(QMX),A8S(QMN))) RETURN C0NTUR60
D0«0.1*(XX+l.E-200) C0NTUR61
00 60 K*l» NCON C0NTUR62

60 CON(K)»OflN+( FLOAT (K-l) )*DQ C0NTUR63
c •*■ + + C0NTUR64
c + + + PRINT THE LABELS ON THE PLOT C0NTUR65
c ♦ + + C0NTUR66

K*NCON C0NTUR67
CALL ADV (1) C 0NTUR68
CALL LINCNT (60) C0NTUR69
IF (L.NE.5) WRITE (12*230) HESS(L)*T,NCYC C0NTUR70
IF (L.E0.5) WRITE (12*220) KSP*T,NCYC»LABC(KSP) CONTUR 71
WRITE ( 12*240) QMN*QMX,CON(2)* CON(K-l),DO C0NTUR72

c + 4- + C0NTUR73
c •f ♦ + DRAW THE CONTOURS C 0NTUR74
c + + + C0NTUR75

DO 170 J = 2 » J PI C0NTUR76
IJ=(J-1)*IP2+1 CONTUR 77
IJM*IJ-IP2 CQNTUR78
IJP*IJ+IP2 C0NTUR79

■4r DO 160 1 = 1* IBAR C 0NTUR80
Ui IPJ=IJ+1 cnNTURQl



O' IPJM-IJM+1
IF {I.GE.NOL-l.ANp.I.LT.NDR.ANO.J.GE.NOB.AND.J.LE.NQT) GO TO 150 
N*0
DO 140 KK K
K1»0
K2 = 0
K 3*0
K4*Q
IF (CQ(IJM).LE.CON(KK)) Kl*l 
IF (CQ(IPJM).LE.CON(KK)) K2=l 
IF (COUJ).LE.CON(KK) ) K3 = l 
IF (CQ(IPJ).LE.CON(KK)) K4*l 
KSUM-K1+K2+K3+K4 
IF (KSUM.EQ.4) GO TO 150
IF (K1*K2*K3*K4.NE.0.0P.KSUM.EQ.0) GO TO 140 
IF (N.GT.O) GO TO 90 
IJB * IJ M 
IJ A * IJ
DO 80 J J = 1»2 
DO 70 11 * 1> 2 
IPJB*IJB+1 
IPJA*IJA+1 
N*N + 1
XC0(N)=.25*(X(IPJB)+X(IPJA)+X(IJA)+X(1JB))
YC0(N)=.25*(Y(IPJB)+Y(IPJA)+Y(IJA)+Y(IJB))
IJA*IPJA 

70 IJB*IPJB 
I JB = IJ 

80 IJA*IJ P 
90 LL*0

IF (K1+K3.NE.1) GO TO 100
IC1-1
IC2* 3
IJ1-IJM
IJ2*IJ
KR1 = 1
GO TO 130

100 IF (K1+K2.NE.1) GO TO 110 
IC1*1 
IC 2 = 2

C0NTUR82 
C0NTUR83 
C0NTUR84 
C0NTUR85 
C 0NTUR86 
C0NTUR8 7 
C0NTUR88 
C0NTUR89 
C 0NTUR90 
C0NTUR91 
C0NTUR92 
C0NTUR93 
C0NTUR94 
C0NTUR95 
C0NTUR96 
C0NTUR97 
C0NTUR98 
C0NTUR99 
C0NTU100 
C0NTU101 
C0NTU102 
C0NTU103 
C0NTU104 
C 0NTU105 
C0NTU106 
C0NTU107 
C0NTU108 
C0NTU109 
C0NTU110 
C0NTU111 
C 0NTU112 
C0NTU113 
C0NTU114 
C0NTU115 
C ONTO 116 
C0NTU117 
C ONTO 118 
C0NTU119 
C 0NTU120 
C0NTU121



IJ1*IJ M C0NTU122
IJ2*IPJM C0NTU123
KR1*2 C0NTU124
GO TO 130 CQNTU125

110 IF (K2+K4.NE.1) GO TO 120 C0NTU126
IC 1 *2 C 0NTU127
IC2*4 C0NTU128
IJ1*IPJM C0NTU129
IJ2*IPJ C0NTU130
KR1» 3 C0NTU131
GO TO 130 C 0NTU132

120 IF (K3+K4.NE.1) GO TO 140 CQNTU133
IC1-3 CQNTU134
IC2 = 4 CONTU135
IJ1»IJ C0NTU136
IJ2*IPJ CQNTU137
KR1-4 C0NTU138

130 LL*LL+1 C0NTU139
XX«(C0N(KK)-CQ(IJ1))/(CQ(IJ2)“CQ(IJ1) ) C 0NTU140
IX1UL)«FIXL+(XC0(IC1)+XX*( XCO( IC2)-XC0(IC1) )-XL)*XCONV C0NTU141
IYl(LL)*FIYB+(YC0(ICl)+XX‘i‘(YC0(IC2)-YC0(ICl))-YB)*YC0NV C0NTU142
IF (LL.LT.2) GO TO (100,110#120,140)> KR1 C0NTU143
CALL DRV (1X1(1),IYK1),1X1(2),IY1(2)) C0NTU144
IF (KK.EQ.2) CALL PLT (IX1(1) ,IY1(1),35) C0NTU145
IF (KK.EQ.K-1) CALL PLT (IXI(1),IY1(1),24) C0NTU146
LL-0 C0NTU147
IF (IJ2.£Q.IPJM) GO TO 110 CQNTU148

140 CONTINUE C 0NTU149
150 CONTINUE C0NTU150

IJM*IPJM C 0NTU151
IJ=IPJ CQNTU152

160 IJP*IJP+1 C0NTU153
170 CONTINUE C0NTU154
♦ + ♦ C0NTU155
+ + + DRAW THE FRAME C0NTU156
+ + + C0NTU157

DO 190 J*1,JP1 C0NTU158
IJ *(J-l)♦!P2 + 1 C 0NTU159
IJP=IJ+IP2 C0NTU160
DO 180 1 = 1, IP1 C 0NTU161



IPJ-IJ+1 
IPJP=IJP+1
11X1»F I XL+(X(IP J)-X L) + XCQNV
IIY1*FIYB+(Y(IPJ)-Y8)*YC0NV
IIX2=FIXL+(X(IPJP)-XL)+XC0NV
IIY2*FIYB+(Y<IPJP)-YB)*YCONV
IX3*FIXL+(X(IJP)-XL)+XC0NV
IY3=FIYB+(Y(IJP)-YB)*YCDNV
IX<f = FIXL+(X(IJ )-XL)+XCONV
IY4-FIYB+(Y(IJ)-YB)*YCONV
IF (I.EQ.l) CALL DRY ( IX3»IY3#IX4,IYA)
IF (J.EQ.l) CALL DRV ( IX4, IYA,11X1,11Y1)
IF (I.EQ.IP1) CALL DRV ( 11X1» 11Y1f 11 X2»IIY2) 
IF (J.E0.JP1) CALL DRV ( 11 X2>11Y2>IX3>IY3) 
IJ-IPJ

180 IJP*IPJP 
190 CONTINUE

C ♦ + ♦
C +++ DRAW THE OBSTACLE
c ♦++

IF (NOL.LE.O) RETURN
N0R1-N0R-1
N0T1*N0T-1
DO 200 J=N0B,N0T1
I JP = J*IP2 + N0L
IJ*IJP-IP2
IX3*FIXL+(X( IJ )-XL )*XCONV 
IY3SFIYB+{Y(IJ)-Y8)*YC0NV 
IX4 = FIXL + (X (UP )-XL )*XCONV 
IY4«FIY8+(Y(IJP)-YB)*YC0NV 
CALL DRV (IX3,IY3>IX4»IY4)
I JP = J*IP2 + N0R 
IJ«IJP-IP2
IX3 = FIXL+(X(IJ )-XL J^XCONV 
IY3-FIYB+(Y(IJ)-YB)*YC0NV 
IX4*FIXL+(X(IJP)-XL)*XCONV 
IY4 = FIYB+(Y{ IJP)-YB)+YCONV 
CALL DRV (1X3,IY3»1X4# IY4)

200 CONTINUE
DO 210 I=NQL,N0R1

C0NTU162 
C 0NTU163 
C0NTU164 
C 0NTU165 
C0NTU166 
C0NTU167 
C0NTU168 
C0NTU169 
C0NTU170 
C0NTU171 
C0NTU172 
C0NTU173 
C0NTU174 
C0NTU175 
C 0NTU176 
CONTUI77 
C0NTU178 
C0NTU179 
C 0NTU180 
OONTUiai
C 0NTU182 
C0NTU183 
C0NTU184 
C0NTU185 
C0NTU186 
C 0NTU187 
C0NTU188 
C0NTU189 
C0NTU190 
C 0NTU191 
C0NTU192 
C0NTU193 
C 0NTU194 
C0NTU195 
C0NTU196 
C0NTU197 
C0NTU198 
C0NTU199 
C0NTU200 
C 0NTU201



o o
 o

IJ*(NOB-1)* IP2 +1 
IPJ*IJ4-1
IX3*FIXL + (X(IJ)-XL J + XCDNV 
IY3-FIY8+(Y(IJ)-YB)*YCONV 
IX<f*FIXL+(X(IPJ)-XL )*XCONV 
IYAsFIYB+(Y(IPJ)-YB)+YCONV 
CALL DRV (IX3»IY3#IXA#IY^)
IJ*NQT1*IP2+I 
IPJ=IJ+1
IX3=FIXL+(X(IJ)-XL)*XC0NV 
IY3*FIYB-f (Y(I JJ-YBJ^YCDNV 
IXA=FIXL+(X(IPJ)-XL)*XCONV 
IY4*FIYB+(Y(IPJ)-YB)+YCONV 
CALL DRV ( IX3> IY3> IX<r, IY4 )

210 CONTINUF 
RETURN

FORMAT BLOCK

220 FORMAT (8H SPECIESjI3>14H 
IE •t I6#AX>A10)

230 FORMAT (IX,A10>2X,3HT =,1PEl4.6»2X,7HCYCLE 
240 FORMAT (1X,4HMIN = ,1 PE 13.5,5H MAX = ,E13.5,3H 

1 DQ*,E13«5)
END

C0NTU202 
C 0NTU203 
C0NTU204 
C 0NTU205 
C0NTU206 
C 0NTU207 
C 0NTU208 
C0NTU209 
C0NTU210 
C0NTU211 
C0NTU212 
C0NTU213 
C0NTU214 
C0NTU215 
C0NTU216 
C0NTU217 
C0NTU218 
C0NTU219 
C 0NTU220

MASS FRACTION,4X,3HT =,1 PE 14.6,2X,7HCYCLC0NTU221
C 0NTU222 
CQNTU223 

H=,E13.5,4HC0NTU224 
C0NTU22 5 
C0NTU226

= , 16 )
L =, E13.5, 3H

VO

SUBROUTINE DSDP
PARAMETER (NXQ*700, NR Q = 3, NSQ=12, NERQ*6)
COMMON X(NXQ), R (NX Q ) , Y(NXQ), P(NXO)
COMMON /HKRAM/ EK(51,NSQ), NR E, NCHEM, HTF OR M(NS Q), XKD, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP 
COMMON /8LK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DEL P(NX Q)

DSDP 2 
COMD 2 
COMD 3 
COMD 4 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10



00o COND, TEM, HK
XMU(NXQ), COND(NXO), TEM(NXQ),
RO{NXQ)> SIE(NXQ) » NDUMP 
U(NXQ), UL(NXO), V(NXQ), VL(NXQ), 

HC
VQL(NXa)> MV(NXQ), ^ C(N X Q)
SPM
SPD(NXQ»NSQ)* SPM(NXO>NSQ) 
GAMKNSQ), TSPD(NSQ)> CV(NSQ)»

HK(NSO)

W(NXQ), WL(NXQ)

GAMMA(NSQ)j WT(NSQ)#

AIR MU 
E(NXQ), UP INXQ),

LEVEL 2, XMU,
COMMON /KAH1/
COMMON /KAH2/
COMMON /KAH3/
LEVEL 2> VOL»
COMMON /KAHA/
LEVEL 2> SPO,
COMMON /KAH6/
COMMON /KAH7/

1 RHOKNSQ)
LEVEL 2* CVT 
COMMON /KAH8/ CVT(NXQ)
LEVEL 2» RCEN, XCEN> YCEN» MIP> MUP> MVP, VRO 
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXC),

1 MUP(NXQ), MVP(NXQ), VRO(NXQ)
LEVEL 2, *P, ANGVEL, I BODY, ADIA, AIRMU 
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA,
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ),

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NxQ), ROL(NXQ),
2 Q(NXQ)

COMMON /RSCl/ A3DC, 6X, GY, STROKE, RPM,
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS,

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH,
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, UMAX,
2 NC LAS T, NC YC, NFOUT, NPOUT, NR, NSP, NY,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS,
A TOUT, UTMAX, VMAX, WORT, XCONV,

COMMON /MARGON/ TV(A), TC(9), SPDV(A,NSQ),
COMMON /CHEME/ AN(NSQ,NERQ), BN (NS 0,NERQ),

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ),
2 OEQ(NERQ)

INTEGER AN, BN, CN
COMMON /RAMCHM/ RWT(NSQ), A M(NS Q,NR Q),

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSO,NRQ),
2 ), CB(NRO), EB(NRQ), ZETAB(NRQ), TCUT, DOM EGA(NRQ), QR(NRQ) 

DIMENSION RDSDP(l), RMV(l)
EQUIVALENCE (UG,RDSDP), (RMV,EJ 
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP

COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD

VPISTON, YP IS TON, YPISTdCOMD 
XIGNIT, WORK, NYMAX COMD

CAPDR, CYL, DX, COMD 
LAMZER, LPR, NAME(8), COMD 
NYP, NX, NXP, NUMIT, OM,COMD 

SIXTH, SWIRL, T, TWLFTH, COMD 
XCONVZ, YCONV, YCONVZ COMD

C
c

+ + + 
♦ + COMPUTE THE OVERRELAXATIQN FACTOR FOR THE PRESSURE ITERATION

S PDC(9,NS Q) COMD
CN(NSQ,NERQ), NLM(NERQJCOMD 
ES(NERQ), PROG(NERQ), COMD

COMD
COMD

BM(NSQ,NRQ), C M(NS Q,NRQ), COMD 
C F(NRQ), EF(NRQ), Z ETAF(NRQCOM D

COMO 
COMD 
COMD 
COMD 
DSDP 
DSDP

11
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1A
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16
17
18
19
20 
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2 A
25
26
27
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3 A
35
36
37
38
39 
AO 
A1 
A2 
A3 
AA 
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A6 
A7 
A8

A
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c ♦++
DATA PTEMPj PSTAR /0.>0./
DO 40 J*1,NY
IJ*(J~l)*NXP+i
IJP*IJ+NXP
DO 30 I = 1» N X
IPJ*IJ+1
IPJP = I JP + 1
X1«X(IPJ)
X2 = X(IPJ P )
X3 = X (IJ P )
X4=X(IJ)
R1«R (IPJ )
R2=R(IPJP)
R3 * R(IJ P )
R4*R(IJ )
Y1*Y(IPJ)
Y2=Y(IPJP)
Y3*Y( UP)
Y4*Y(IJ )
Ul*UL(IPJ )
U2=UL(IPJP)
U3 = UL ( UP)
U4=UL(IJ)
Vl-VL(IPJ)
V2=VL(IPJP)
V3 = VL (UP)
V4*VL(IJ)
X1P=X1+U1*DT 
YlPsYl+Vl^DT 
X2P*X2+U2*DT 
Y2P=Y2+V2*DT 
X3P=X3+U3^DT 
Y3P=Y3+V3^DT 
X4P*X4+U4*0T 
Y4P=Y4+V4*DT 
R1P=X1P%CYL+OMCYL 
R2P = X2P*CYL + 0i'1C YL 
R3P=X3P*CYL+OMCYL 
R4P=X4P*CYL+0MCYL

DSDP 6
DSDP 7
DSDP 8
DSDP 9
DSDP 10
DSDP 11
DSDP 12
DSDP 13
DSDP 14
DSDP 15
DSDP 16
DSDP 17
DSDP 18
DSDP 19
DSDP 20
DSDP 21
DSDP 22
DSDP 23
DSDP 24
DSDP 25
DSDP 26
DSDP 27
DSDP 28
DSDP 29
DSDP 30
DSDP 31
DSDP 32
DSDP 33
DSDP 34
DSDP 35
DSDP 36
DSDP 37
DSDP 38
DSDP 39
DSDP 40
DSDP 41
DSDP 42
DSDP 43
DSDP 44
DSDP 45



ATR=(X2P*(Y3P-Y1P)-XlP+(Y3P-Y2P)-X3P*(Y2P-Y1P))*(R1P+R2P+R3P) DSDP 46
ABL*-( XlP*mP-Y3P)+X3P,M Y1P-Y4P) + X4P* (Y3P-Y1P ))*(R3P + RAP-»-RlP) DSDP 47
YOLLZ*SIXTH*(ATR+ABL) DSDP 48
XITEMP=SIE(IJ)+P(IJ)*(1 • O-VOLL Z/VOL(IJ))/R0(IJ) DSDP 49
ROTEMP-O. DSDP 50
DO 10 K*1,NSP DSDP 51
TSPD(K)»SPD(IJ,K)*VOL(IJ)/\/OLLZ DSDP 52

10 ROTEMP*ROTEMP+TSPD(K) DSDP 53
CALL EOS (PTEMP,XITEMP^IJ) DSDP 54
DP«PEPS*PTEMP DSDP 55
DTP=0.5*DT*DP DSDP 56
RM1*1.0/MV(IPJ) DSDP 57
RM2-1.O/MV(IPJP) DSDP 58
RM3=1.0/MV(IJP) DSDP 59
RMA*1.O/MV(IJ) DSDP 60

♦++ IF TESTS FROM HERE TO DSDP.77 SET VELOCITY BOUNDARY CONDITIONS DSDP 61
IF (I.EQ.l.OR.J.EQ.l) R M4 = 0• DSDP 62
IF (J.EQ.l.OR.I.EQ.NX) RM1 = C. DSDP 63
IF (I .EO.NX.OR.J.EO.NY) R M2 = 0 . DSDP 64
IF (I.EQ.l.OR.J.EQ.NY) RM3=0. DSDP 65
Y2A*Y(IPJP)-Y(IJ) DSDP 66
Y31=Y(IJP)-Y(IPJ) DSDP 67
X2A*X(IPJP)-X(IJ) DSDP 68
X31-X(IJP)-X(IPJ) DSDP 69
R24=0.5*(R2+R4) DSDP 70
R31=0.5t(R3+Rl) DSDP 71
U1P«U1+DTP*RM1*Y24*R1 DSDP 72
U3PSSU3-DTP*RM3*Y2^*R3 DSDP 73
U2P=U2+DIP+RM2YY31+R2 DSDP 74
UAP*UA-DTP*RM4*Y31*R4 DSDP 75
IF (I.EQ.l.AND.J.6T.1) RMA“1./MV(IJ) DSDP 76
IF (I.EQ.l.AND.J.LT.NY) RM3»1./MV(IJP) DSDP 77
V1P*V1-DTP*RM1*X24*R2^ DSDP 78
V3P*V3+DTP*RM3+X24*R24 DSDP 79
V2P*V2-DTP+RM2»X31*R31 DSDP 80
V4P=V4+DTP*RM4*X31*R31 DSDP 81
X1P*X1+U1P*DT DSDP 82
Y1P»Y1+V1P*DT DSDP 83
X2P*X2+U2P*DT DSDP 84
Y2P=Y2+V2P*DT DSDP 85
X3P*X3+U3P*DT DSDP 86



Y3P«Y3+V3P*DT
X<*P = X^ + U^P*DT
Y^P*Y4+V4P^DT
R1P*X1P*CYL+0MCYL
R2P=X2P*CYL+0MCri
R3P*X3P*CYL+0MCYL
R4PSX4P*CYL+0MCYL
ATR*(X2P»(Y3P-Y1P)-X1P^(Y3P-Y2P)-X3PIM Y2P-Y1P))^(R1P+R2P + R3P) 
ABLs“(XlP*(Y4P~Y3P)+X3P+(YiP-Y^P)+XAP+(Y3P-YlP))*(R3P+R4P+R1P) 
VOLL=SIXTH*(ATR+ABL)
XISTAR*XITEMP+PTEMP*(1.O-VOLL/VOLLZ)/RQTEMP 
DO 20 K = 1>NSP

20 TSPD(K)=SPD(IJ^K)*VOL(IJ)/VOLL 
CALL EOS (PSTAR»XISTAR,IJ)
RDSDP(IJ)=DP/(PTEMP+DP-PSTAR)*0M 
I J = IJ + i 
IJP»IJP+1 

30 CONTINUE 
AO CONTINUE 

RETURN 
END

DSDP 37 
DSDP 38 
DSDP 89 
DSDP 90 
DSDP 91 
DSDP 92 
DSDP 93 
DSDP 9A 
DSDP 95 
DSDP 96 
DSDP 97 
DSDP 98 
DSDP 99 
DSDP 100 
DSDP 101 
DSDP 102 
DSDP 103 
DSDP 10A 
DSDP 105 
DSDP 106 
DSDP 107

00u>

SUBROUTINE DVMAX (IK)
PARAMETER (NXQ*700> NRQ = 3> NSQ = 12> NER Q = 6)
COMMON X(NXQ)> R(NXQ), Y(NXQ)> P(NXQ)
COMMON /HKRAM/ EK(51,NSQ)> NRE# NCHEM, HTFORM(NSO), XKD, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(100), FL(100,NSQ), NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXO)
LEVEL 2, XMU, CQND, TEM, HK
COMMON /KAH1/ XMU(NXQ), COND(NXO), TEM(NXQ), HK(NSQ)
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXO), WL(NXQ) 
LEVEL 2, VOL, MV, MC

DVMAX 2 
COMD 2 
COMD 3 
COMD A 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 1A 
COMD 15



COMMON /KAH4/ VOL(NXQ), MV(NXQ)# MC(NXQ) COMD
LEVEL 2, SPD, S^M COMD
COMMON /K AH6/ SPD(NX 0,NSQ)> SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAM 1(NSQ)> TSPD(NSQ)# CV(NSQ)* GAMMA(NSQ)> WT(NSQ)> COMD 

1 R HO I(NSQ ) COMD
LEVEL 2* CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2 > RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXO), COMD

1 MUP(NXO), MVP(NXQ), VRO(NXO) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXO), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXO), COMD

1 VPINXQ), PL(NXQ), MP(NXO), UG(NXQ), VG(NXQ), MVT(NX 0), ROL(NXQ), COMD
2 0(NX 0 ) COMD

COMMON /RSC1/ A3DC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /R SC 2/ AO, AOM, AZMOM, AZFAC, 80, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME (8), COMD
2 NC L AS T, NC YC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, R GAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(A), TC(9)» SPDV(A,NSQ), SPQC(9,NSQ> COMD
COMMON /CHEME/ 4N(NSO,NERO), BN(NSO,NERQ ) , CN<NSQ,NERQ), NLM(NERQ ) COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ»NRQ)> BM(NSQ,NRQ), CM(NS Q,NRQ), COMD

1 NELEM(NRQ), At(NSQ,NRQ), BE(NSQ,NRG)» CF(NPQ), EF(NRQ), ZETAF<NRQCOMD
2 ), CB(NRO), EB(NRQ), ZETAB(NRQ), TCUT, DOMEC-A(NRQ), QR (NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (RMV,6) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD
VMAX=-l.E+20 DVMAX
IF (IK.FQ.l) GO TO 30 DVMAX
DO 20 J = 1,NY P DVMAX
IJ*(J-1)*NXP+1 DVMAX
DO 10 1=1,NXP DVMAX
VMAX=AMAX1(VMAX,A8S(U(IJ)),ABS(V(IJ))) DVMAX

10 IJ=IJ+l DVMAX
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20 CONTINUE DVMAX
GO TO 60 DVMAX

30 DO 50 J *1> NYP DVMAX
I J*(J-l)*NX P+1 DVMAX
DO AO 1*1,NXP DVMAX
VMAX=AMAX1(VMAX,ABS(UL(IJ)),ABS(VL(IJ))) DVMAX

AO IJ*IJ+1 DVMAX
50 CONTINUE DVMAX
60 RETURN DVMAX

END DVMAX

SUBROUTINE ENERGY ENERGY
PARAMETER (NXQ = 700, NR Q=3, NSQ=12, NE RQ = 6) COMD
COMMON X{NXQ), R(NXQ), Y(NXO), P(NXQ) COMD
COMMON /HKRAM/ EK(51,NSQ), NRE, NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD 

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ ) COMD
LEVEL 2, XMU, CONO, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /K AH6/ SPD(NXQ,NSQ), SPM(NXQ,NSO) COMD
COMMON /K AH7/ GAMI(NS Q), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCfcN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

" 1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
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oo
ON LEVEL 2 > WP, ANGVEL, TBDDY, ADIA, A IK MU 

COMMON /SWRL/ WP<NX3), ANGVEL, TBDDY, ADIA, AIRMU 
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXO), E(NXQ), UP(NXQ),

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXO), MVT(NXQ), ROL(NXQ),
2 Q(NXO)

COMMON /RSC1/ A3 DC, GX, GY, STROKE, RPM, VPISTON, YPISTON,
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX 

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, 30, CAPDTH, CAPDR, CYL,
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR,
2 NCLAST, NC YC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX,
4 TOUT, UTMAX, VMAX, WORT, XCONV,

COMMON /MARGON/ IV(4), TC(9), SPDV(4,NSQ), 
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ),

1 , AS(NERQ), BS(NERQ), C S(NERQ), OS(NERQ),
2 QEQ(NERQ)

INTEGER AN, BN, CN
COMMON /RAMCHM/ R W T(NSQ), AM(NSQ,NRQ),

1 NELEM(NRQ), AE(NSQ,NRQ),

COMD 
COMD 
COMD 
COMD 
COMD 

Y PIS T(1C OMD 
COMD 

DX, COMD 
NAME(8), COMD 

NUMIT, DM,COMD 
R GAS, SIXTH, SWIRL, I, TWLFTH, COMD 
XCONVZ, YCONV, YCONVZ COMD

SPDC(9,NSQ) COMD
CN(NSQ,NERQ), NLM(NER0)COMD 
ES(NERQ), PROG(NERQ), COMD

COMD
COMD

BM(NSQ,NRQ), CM(NSQ,NRQ), COMO 
BE(NS Q,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 

2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ)
DIMENSION RDSDP(I), RMV(l)
EQUIVALENCE (UG,RDSDP), (R MV,E)
REAL MC, MP, MV, MVI, LAMZER, MIP, MUP, MVP
DO 20 J =1,NY 
IJ=(J-l)*NXP+1 
IJP=IJ+NXP 
DO 10 1=1,NX 
IPJ-IJ+1 
IPJP=IJP+1 
X1=X(IPJ)
Yl = Y (IPJ )
R1 = R ( IPJ )
X2 = X(IPJP ) 
Y2=Y(IPJP)
R2*R(T PJP ) 
X3*X(IJP)
Y 3* Y (UP)
R3 = R (IJP)
X4 = X( I J )
Y4 * Y(IJ )
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R4*R(IJ) ENERGY21
Y2^=Y2-YA ENERGY22
Y 31 *Y3-Y1 ENERGY23
X2A=X2-XA ENERGY24
X31*X3-X1 ENERGY25
HR2A=0.5*(R2+RA) ENERGY26
HR13=0.5*(R1+R3) ENERGY27
U1=U(1PJ) ENERGY28
V1»V(IPJ) ENERGY29
U2 = U(IPJ P) ENERGY30
V2*V(IPJP) ENERGY31
U3=U(IJP) ENERGY32
V3 = V (IJ P) ENERGY33
U4«U(IJ) ENERGY34
VA*V(IJ) ENERGY35
AREA=0.5*((X2-X4)*(Y3-Y1)-(X1-X3)*(YA-Y2) ) ENERGY36
RAREA=1./AREA ENERGY37
DUDX«0.5*RAREA*((U2-U4) =M Y3-Y1)-(U1-U3)*(Y4-Y2)) ENERGY36
DVDY»0.5*RAREA*((V4-V2)*(X3-X1)-(V1-V3)*(X2-X4)) ENERGY39
U0R=(U1+U2+U3+U4)/(R1+R2+R3+R4) ENERGY 40
DELV=DUDX+DVDY+CYL^UCR ENERGY41
E(IJ)*E(IJ)-DT*(P(IJ)+Q(IJ))*DELV/RO(IJ) ENERGY42
I JP = I JP + 1 ENERGY43
I J*IJ+l ENERGY44
CONTINUE ENERGY45
RETURN ENERGY46
END ENERGY47

SUBROUTINE EOS (PTEMP>SIETMP>IJ) EOS 2
PARAMETER (NXCWCO, NRQ = 3» NSQ = 12^ NERQ = 6) COMD 2
COMMON X(NXO), R(NXO)» Y(NXG)# PINXQ) COMD 3
COMMON /HKRAM/ EMSUNSQ), NR E > NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD 4

1 EPSCHM COMD 5
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD 6
COMMON /CHOP/ YL(IOO), FL(IOO,NSQ), NCHOP, DYCHOP, FCHOP COMD 7
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD 8



LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL Zy XMU> CONDj TEM, HK COMD
COMMON / K AH 1/ XMU(NXQ), CQND(NXG), TEM(NXQ), HK(NSQ) COMD
COMMON /K A H 2/ RQ(NXQ), SIE(NXQ), NDUMP COMD
COMMON /K AH3/ U(NXQ), UL(NXG), V(NXG), VL(NXQ), W(NXQ), WL(NXQ) COMD
LEVEL 2» VOL, MV, MC COMD
COMMON /KAH4/ VOL(NXQ), MV(NXG), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /K AH6/ SPD(NXQ,NSQ), SPM(NXQ,NSQ) COMD
COMMON / K. A H 7 / G AMI ( NS G ) , TSPD(NSQ), CV(NSG), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXG), XCEN(NXG), YCEN(NXQ), MIP(NXO), COMD

1 MUP(NXQ), MVPINXO), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXG), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXG), UGINXQ), VG(NXQ), MVT(NXO), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /KSC1 / A3DC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 OO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME (8) , COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4,NSQ), SPDC(9,NS0) COMD
COMMON /CHEME/ AN(NS 0,NERO), BN(NSG,NERG ) , CN(NSQ,NERQ), NLM(NERQ )COMD

1 , AS(NERQ), BS(NERO), CS(NERQ), OS(NfcRQ), tS(NERQ), PROG(NERQ), COMD
2 GEO(NERQ ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), A M(NS Q,NR Q), BM(NSQ,NRG), C M(NS Q , NRQ), COMD

1 NELEM(NRQ), AE(NSO,NRQ), BE(NSG,NRQ), CF(NRQ), EF(NRQ), Z ETAF(NRQCOMD
2 ), CB(NRO), EB(NRQ), ZETAB(NRG), TCUT, DOMEGAlNRQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (R MV,E ) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD
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XXX=0. EOS 4
DO 10 K»1,NSP EOS 5

10 XXX=XXX+TSPD(K)*RWT(K) EOS 6
TTEMP = TEM( IJ) + (SlETMP-SIc(IJ>)/CVT(IJ) EOS 7
PTEMP=XXX*TTEMP*RGAS EOS 8
RETURN EOS 9
END EOS 10

00
VO

SUBROUTINE FULOUT (IK)
PARAMETER (NXQ = 700» NRQ = 3> NS0=12, N ER Q = 6)
COMMON X(NXO), R(NXQ), Y(NXO)> P(NXO)
COMMON /HKRAM/ EK(51,NSQ)» NRE> NCHEM, HTFORM(NSQ), XKD, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(1CQ,NSQ), NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2, XMU,
COMMON /KAH1/
COMMON /K AH2/
COMMON /KAH3/
LEVEL 2, VOL,
COMMON /KAHA/
LEVEL 2, SPD,
COMMON /KAH6/
COMMON /KAH7/

1 RHOKNSQ)
LEVEL 2, CVT 
COMMON /KAH8/ CVT(NXQ)
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO 
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ),

1 MUP(NXQ), MVP(NXQ), VRO(NXQ)
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU
COMMON /RSC/ RC(NXQ), OREL(NXQ), VREL(NXQ), E(NXQ),

CQND, TEM, HK
XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ)
RQ(NXQ), SIE(NXQ), NDUMP
U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) 
MV, MC
VOL(NXQ), MV(NXQ), MC(NXQ)
SPM
SPD(NXQ,NSQ), SPM(NXQ,NSQ)
GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA (NSQ), WT(NSQ

MIP(NXQ)

UP(NXQ),

FULOUT 2
COMD 2
COMD 3
COMD A
COMD 5
COMD 6
COMD 7
COMD 8
COMD 9
COMD 10
COMD 11
COMD 12
COMD 13
COMD 1A
COMD 15
COMD 16
COMD 17
COMD 18

, COMD 19
COMD 20
COMD 21
COMD 22
COMD 23
COMD 2 A
COMD 25
COMD 26
COMD 27
COMD 28



VO
o 1 VP(NXQ), PUNXQ), M P ( NX Q) > UG(NXQ), VG(NXQ), NVT(NXO), ROL(NXU)

2 Q(NXQ)
COMMON /RSC1/ A3DC> GX,

DTMAX, ILIM, XMUO, RPR, RSC, DISS,
AZMOM, AZFAC,

if, STROKE, RPM,
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT,

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH,
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER,
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, 

TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ

COMC 
COMD

VPISTON, YPISTON, YPISTdCOMD 
WORK, NYMAX COMD
CAPDR, CYL, DX, COMD 

LPR, NAME(8), COMD 
NXP, NUMIT, OM,C OMD 

T, TWLFTH, COMD
COMD

COMMON /MARGON/ TV(4), TC(9), $PDV(4,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ ) , 6N(NSQ,NERQ), CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NEPQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ,NRQ), 8M(NSQ,NRQ), CM(NSQ,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ)
2 ), CB(NRQ), EB(NRQ), ZE

DIMENSION RDSDP(l), RMV(l) COMD
(UG,RDSDP), (R MV,E )

MVT, LAMZER, MIP,

AM(NSG,NRQ), BM(NSQ,NRQ), CM(NSQ,NRQ), ____
, BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 

ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD

MV ,

10

EQUIVALENCE 
REAL MC, MP,
CALL GLOBAL 
IF (MOD(NCYC,NFOUT).NE.0.AND.NCYC.GT.l) 
YMIN = 1.E + 2 50 
YMA X *-YMIN 
DO 10 1=1,NXP
YMAX=AMAX1(YMAX,Y(NY*NXP+I)) 
YMIN=AMIN1(YMIN,Y(I))
XMIN-1.E+250 
XMAX*-XMIN 
DO 20 J-l,NYP 
XMAX=AMAX1(XMAX,X(J*NXP))
I J= ( J-D+NXP + l

MUP, MVP

GO TO 30

29
30
31
32
33
3*
35
36
37
38
39 
AO 
A1 
A2 
A3 
AA 
A 5 
A6 
A7 
A8

A
5

COMD 
COMD 
FULOUT 
FULOUT 
FULOUT 
FULOUT 
FULOUT 
FULOUT 
FULOUT10 
FUL0UT11 
FUL0UT12 
FUL0UT13 
FUL0UT1A 
Fill 0UT15

20 XMIN=AMIN1(XMIN,X(IJ))
XCONV=950./(1.05*AMAX1(YMAX-YMIN,XMAX-XMIN))
YCONV-XCONV
CALL ADV (1)
CALL DVMAX (IK)
CALL ZONES 
CALL VELPLT (IK)
L UN * 12

FUL0UT16 
FUL0UT17 
FULOUT18 
FUL0UT19 
FUL0UT20 
FUL0UT21 
FUL0UT22 
FUL0UT2 3



CALL RSEDIT (IK»LUN) FULOUT24
30 CONTINUE FUL0UT25

IF (MOD(NCYC>NPOUT).NE.O.AND.NCYC.GT.l) GO TO ^0 FUL0UT26
LUN*6 FUL0UT27
CALL RSEDIT (IK,LUN) FUL0UT28

40 CONTINUE FUL0UT29
RETURN FUL0UT30
END FUL0UT31

SUBROUTINE GLOBAL GLOBAL
PARAMETER (NXQ = 700» NRQ=3» NSQ=12^ NERQ*6) COMD
COMMON X(NXQ), R(NXQ)# Y(NXQ), P(NXQ) COMD
COMMON /HKRAM/ EK(51>NSa)# NRE> NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD 

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(10C,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXO), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXO), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), YL(NXQ), W(NXO), WL(NXO) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXO), MC(NXO) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXQ,NSG) COMD
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP (NXQ ), MVP(NXQ), VRO(NXQ) COMD

2
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25



VO
S3

AIRMU 
E(NXQ) >

LEVEL Z> WP, ANGVEL, TBOOY, ADIA, AIRMU 
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA,
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ),

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), R OL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /R SC 1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 OO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, A ZE AC, BO, CAPDTH, CAPDR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TVd), TC(9), SPDVd,NSQ)> SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ ), BN(NSQ,NERQ), CN(NSQ,NERQ ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NE RQ), COMD
2 QEQ(NERQ)

INTEGER AN, BN, CN
COMMON /RAMCHM/ RWT(NSQ), A M(NS Q,NR Q), BM(NSQ,NRQ)

1 NELEM(NRQ), AE(NSQ,NRQ), 8E(NSQ,NRQ), CF(NRQ)
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT,

DIMENSION RDSDPd), RMV(I)
EQUIVALENCE (UG,RDSDP), (R MV,E)
REAL MC, MP, MV, MVT, LAMZER, MIP,

COMD 
COMD

', C M ( NS Q , NR Q ) , COMD 
i, E F (NRQ), Z ET AF(NR QC OMD 

DOMEGA(NRQ), QR(NPQ)

MUP, MVP
C +♦ + 
C + + •*•
c ♦♦♦

c ♦♦+ 
10

COMPUTE TOTAL MASS, MOMENTUM, AND ENERGY

T0TM=0.
TOT I=0 .
T0TQ*0•
T0TN0=0.
DO 20 J = 1» NY 
DO 10 1=1,NX
IF (I.GE.NOL.AND.I.LT.NOR.AND.J.GE.NOB.AND.J.LT.NOT) GO TO 10 
IJ*( J-D+NXP + I 
TOTM=TQTM+MC(IJ)
TOTI=TOTI+-MC (IJ ) *S I E (I J )
TOTNO=TOTNO+SPM(IJ,NSP)
THE CALCULATION IN THE NEXT LINE IS PROBLEM-DEPENDENT 
T0TQ=T0TQ+SPD(IJ,1)*A.G25E+11*V0L(IJ)
CONTINUE

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48 

4

COMD 
COMD 
COMD 
COMD 
GLOBAL 
GLOBAL 
GLOBAL 
GLOBAL 
GLOBAL 
GLOBAL 
OUT PQ 
GL0BAL10 
GL0BAL11 
GL0BAL12 
GL0BAL13 
GL0BAL14 
GL08AL15 
OUT PQ 2 
GL0BAL16 
GL08AL17 
GL0BAL18

5
6
7
8 
9 
1



20 CONTINUE 
T0TU*0.
TOTV =0.
TOTK *0.
T0TW*0.
00 ^tO J *1 > NYP
1 J * ( J-l)*N X P 
DO 30 1=1,NXP 
IJ*IJ+l

IF (I.GT.NOL.ANO.I.LT.NOR.ANO.J.GT.NOB.AND.J.LT.NOT) 
TOTU = TOTU + MV(IJ )^U(IJ )
TOTV = TOTV + MV( IJ)*V( IJ )
TOTW = TOTW + MV(IJ )*W( IJ)
TOTK-TOTK+MVCIJ)*(U(IJ)*U(IJ)+V(IJ)*V(IJ)+W(IJ)*W(IJ 

30 CONTINUE 
AO CONTINUE

T0TM«T0TM*2.*PI 
T0TN0=T0TN0*2.*PI 
T0TI«T0TI*2.*PI 
T0TK*T0TK^PI 
T0TQ=T0TQ*2.*PI 
TOTE=TQTK+TOTI+TOTQ 
T0TU=T0TU*2.*PI 
T0TV*T0TV*2.*PI 
T0TW=T0TW*2.*PI 
IF (LPR.GT.l) WRITE 

1 ,TOTNO
IF (LPR.GT.O) WRITE 

1 ,TOTW,TOTNO 
RETURN

GO TO 30

(6.50) TQTM,TQTU,TOTV,TOTI,TOTE,

(12.50) TOTN,TOTU,TOTV,TOT I,TOTE,TOTQ,WORK

GLQBAL19 
GL0BAL20 
GL0BAL21 
GL0BAL22 
GL0BAL23 
GL0BAL2A 
GL0BAL25 
GL0BAL26 
GL0BAL27 
GL0BAL28 
GL0BAL29 
GL0BAL30 
GL0BAL31 
GL0BAL32 
GL0BAL33 
GL0BAL3A 
GL0BAL35 
OUTPQ 3 
GL0BAL36 
GL0BAL37 
GL0BAL38 
GL0BAL3 9 
GLOBALAO 
GL0BALA1 
GL0BALA2 

TOTQ,WORK,T0TWGL0BALA3 
OUTPQ A

) )

50 FORMAT (IX,5HMASS*,1PE15.8,7H U MOM=,E15.8,7H V MOM=
1 ,E1A.7,7H TOT E=,E1A.7,8HCHEM E = ,E14.7/3X,6HW0RK =,
2 3X,1AHANG MOMENTUM =,E1A.7,2X,8HGMS NO «,E14.-M 

END

GLOBALAA 
OUTPQ 5 
GL0BALA6 
GLOBALA7 

,E15.8,5H S I ESGLQBALA8 
El A.7, OUTPQ 6

OUTPQ 7 
GL0BAL51



£ SUBROUTINE MQMFLX MOMFLX
PARAMETER (NXQ«700> NRQ=3> NSO=12> NERQ=6) COMD
COMMON X(NXO), R(NXQ), Y(NXQ), P(NXQ) COMD
COMMON /HKRAM/ EK(51>NSQ), NRE, NC HEM* HTFORM(NSQ)* XKD# OMGCHM, COMD 

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSO) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /K AH4/ VOL(NXQ), MV(NXQ), MC(NXO) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NS 0 ) , SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 OO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, N A M E(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV<4), TC(9), SPDV(4,NSC), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), 8N(NSQ»NERQ ) , CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NFRQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD

2
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VO
Ln

2 QEQ(NERQ)
INTEGER AN, BN, CN
COMMON /RAMCHM/ RrfT(NSQ), AM(NS Q,NRQ), 

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ),

COMD
COMD

BM(NSQ,NRQ), CM(NS Q,NRQ), COMD 
CF(NPQ), EF(NRQ), ZETAF(NRQCOMD

2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) 
DIMENSION RDSDPd), RMV(l)
EQUIVALENCE (UG,RDSDP), (RMV,E)
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP
DO 20 J*1,NYP
IJ«( J-D+NXP + l
DO 10 1=1,NXP
RMV(IJ)«1./MVT(IJ)
UP(IJ)»UL(IJ)*MV(IJ)*RMV(IJ)
VP(IJ)«VL(IJ)*MV(IJ)*RMV(IJ)
WP(IJ)=WL(IJ)*MV(IJ)*RMV(IJ)*(R(IJ)-DT*UG(IJ))

10 IJ-IJ+1 
20 CONTINUE

DO 40 J =1,NY 
IJ*( J-D+NXP + l 
UP* IJ + NXP 
DO 30 1=1,NX 
IPJ-IJ+1 
IPJP=IJP+1 
X1»X(IPJ )
Y1*Y(IPJ )
R1*R(IP J )
UL1*UL(IPJ )
UG1 = UG( IPJ )
VLl-VL(IPJ)
VG1 = VG(IPJ )
X2*X(IPJP )
Y2*Y(IPJP)
R2*R(IPJP)
UL2*UL(IPJP )
UG2=UG(IPJP)
VL2-VL(IPJP)
VG2*VG(IPJP )
X3* X(IJ P)
Y3*Y(IJP)
R3 = R (UP)

COMD 
COMD 
COMD 
COMD 
MOMFLX

41
42
43
44
45
46
47
48 

4
MOMFLX 5 
MOMFLX 6 
MOMFLX 7 
MOMFLX 8 
MOMFLX 9 
M0MFLX10 
M0MFLX11 
M0MFLX12 
M0MFLX13 
M0MFLX14 
M0MFLX15 
MOMFLX16 
M0MFLX17 
M0MFLX18 
M0MFLX19 
M0MFLX20 
M0MFLX21 
M0MFLX22 
M0MFLX23 
M0MFLX24 
MOMFLX25 
M0MFLX26 
M0MFLX27 
M0MFLX28 
M0MFLX29 
M0MFLX30 
M0MFLX31 
M0MFLX32 
M0MFLX33 
M0MFLX34 
M0MFLX35



VO
O'

UL3-UL (UP )
UG3*UG(IJ P)
VL3«VL (UP)
VG3*VG ( UP )
X^t*X ( U )
Y*«Y(IJ)
R^»R(IJ )

UL4-UL(U)
UG4 *UG(U)
VL4«VL(U)
VG^=VG(U)
WL1-WL ( IPJ )*R1 
WL2 = WL( IPJ P)♦R2 
WL3 = WL ( UP)*R3 
WL4 = WL(U)*R4 
XX*0.0625*DT+R0L(U)
UL13*UL1+UL3
VL13*VL1+VL3
UL2<*»UL2+UL^
VL24-VL2+VL4
F13«XX*(RH-R3)*( (UG1 + UG3-UL13)* (Y3-YD + ( YG1 + VG3-VL13)»(X1-X3) ) 
F2zt“XX*(R2 + R4»)*( (UG2 + UG<>-L1L24 )*(Y2-Y*) + (VG2 + VG4-VL2<t )*(X<t-X2) ) 
FM1«F24*RMV(IPJ )
FM2»F13*RiiV( IPJP)
FM3*F24*RMV (UP )
FM4*F13*RMV(U)
XX-BC*^./(VOL(IJ)*R0L(IJ))
AL13=A0*SIGN(1.,F13)+XX*F13 
AL24*A0*SIGN(1. ♦F2^)+XX + F24 
OPAL 13 *1•+AL13 
0PAL2 W. + A124 
DMA L13*1.-AL13 
0MAL2A=1.-AL2A 
XX*UL3*0MAL24+ULl*0PAL24 
UP(IPJ)=UP(IPJ )-FMl*XX 
UP(IJP)»UP(UP)+FM3 + XX 
XX = ULA>X0MAL13+UL2*0PAL13 
UP(IPJP)=UP( IPJP)-FM2*XX 
UP(U)-UP(IJ)+F:i^*XX 
XXsVL3*OMAL2<* + Vl13(<OPAL2A

M0MFLX36 
MOMFLX 37 
M0MFLX38 
M0MFLX39 
M0MFLX40 
M0MFLX41 
MOMFLX 42 
M0MFLX43 
M0MFLX44 
M0MFLX45 
MOMFL X46 
M0MFLX47 
M0MFLX48 
M0MFLX49 
M0MFLX50 
M0MFLX51 
MOMFLX 52 
M0MFLX53 
M0MFLX5A 
M0MFLX55 
M0MFLX56 
M0MFLX57 
M0MFLX58 
M0MFLX59 
M0MFLX60 
MQMFLX61 
M0MFLX62 
M0MFLX63 
M0MFLX6A 
M0MFLX65 
M0MFLX66 
M0MFLX67 
M0MFLX68 
M0MFLX69 
M0MFLX7C 
M0MFLX71 
M0MFLX72 
M0MFLX73 
M0MFLX74 
M0MFLX75



VP(IPJ)=VHlIPJ)-FMi*XX 
VP{IJP)»VP(IJP)+FM3*XX 
XX»VL<f^0MAL13 + VL2^QPAL13 
VP(IPJP)=\/P(IPJP)-FM2*XX 
VP<IJ)=VP(IJ)+FiA*XX 
XX*WL3*0MAL24+WL1*0PAL24 
WP(IPJ)*WP(IPJ)-FM1*XX 
WP(IJP)=WP(IJP)+FM3*XX 
XX*WL4*0MAL13+WL2tQPAL13 
WP(IPJP)»WP(IPJP)-FM2*XX 
WP(IJ)=WP(IJ)+FM4*XX 
IJ=IPJ 

30 IJP=IPJP 
AO CONTINUE

DO 60 J NYP 
IJ*(J-l)*NXP+1 
DO 50 I*1> NXP 
U(IJ)=UP(IJ )
V(IJ)*VP(IJ)
W<IJ)«WP< IJ)/AMAX1(l.E-99,R(IJ) ) 
MV(IJ)»MVT(IJ)

50 IJ=IJ+1 
60 CONTINUE

CALL BC (U>V,W)
RETURN
END

SUBROUTINE ODROP (TL)
CALL SSWTCH (1,J)
IF (J.NE.l) RETURN 
T L *~1.
WRITE (59,10)
RETURN

C
10 FORMAT (//IX,4AHSENSE SWITCH 1 IS 

END

M0MFLX76 
MQMFLX77 
M0MFLX78 
M0MFLX79 
M0MFLX80 
M0MFLX81 
M0MFLX82 
M0MFLX83 
M0MFLX8A 
M0MFLX85 
M0MFLX86 
M0MFLX87 
MOMFLX88 
M0MFLX89 
M0MFLX90 
M0MFLX91 
M0MFLX92 
M0MFLX93 
M0MFLX9A 
M0MFLX95 
M0MFLX96 
M0MFLX97 
M0MFLX98 
M0MFLX99 
MOM F L100 
M0MFL101

ODROP 2 
ODROP 3 
ODROP A 
ODROP 5 
ODROP 6 
ODROP 7 
ODROP 8

, WILL TERMINATE SHORTLY//) ODROP 9
ODROP 10

VO^4



SUBROUTINE PHASE1 PHASE1
PARAMETER (NXQ = 700> NRQ=3> NSQ = 12» NERQ = 6) COMD
COMMON X(NXQ)> R(NXQ), Y(NXQ), P(NXQ) COMD
COMMON /HKRAM/ EK(51»NS'Q)# NR E > NCHEM, HTFORM(NSQ), XKD # 0M6CHM, COMD

1 EPSCHM COMD
LEVEL Z, YL> FL» NCHOP» DYCHOP» FCHOP COMD
COMMON /CHOP/ Y L(100 ) » FL(1C0/NSQ)^ NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB> NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTR1AL/ PSD(NXQ), DELP(NXO) COMD
LEVEL 2, XMU, CQND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM{NX Q), HK(NSQ > COMD
COMMON /KAH2/ RQ(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXO), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHW VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXQ,NSO) COMD
COMMON /KAH7/ GAMl(NSQ), TSPDtNSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXO), YCEN(NXO), MIP(NXQ), COMD

1 MUP(NXO), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, T3DDY, ADIA, AIRMU COMD
COMMON /S WR L/ WP(NXQ), ANGVEL, TBODY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREUNXQ), VREL(NXO), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXU), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC 1/ ABDC, GX, GY, STROKE, PPM, VPISTON, YPISTON, YPISTUCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, C AP DR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, UMAX, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMUM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4,NSG), SPDC(9,NS0) COMD
COMMON /CHEME/ AN{NSQ,NERQ ) , BN(NS0,NERQ), CN(NSQ,NERQ), NLM(NERQ)COMD 

1 , AS(NERO), BS(NERQ). CS(NERQ), DS(NLRQ), ES(NERQ), PROG(NERO), COMD

2
2
3
A
5
6
7
8
9

10
11
12
13
1*
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40



c
c
c

♦+ + 
♦ ■*• + 
++ +

2 OEQ(NEPQ)
INTEGER AN* 3N, CN
COMMON /RAMCHM/ RWT(NSQ)> AM(NSQ>NRQ),

1 NELEM(NRQ)# AE(NSQ> NRQ)> 8E(NSG»NRQ),
2 )> CB(NRQ), EB(NRQ), ZETAB(NRG), TOUT* 

DIMENSION RDSDP(1)» RMV(l)
EQUIVALENCE (UG»RDSDP), (RMV » E)
REAL MC» MP> MV/ MVI/ LAMZER/ MIP/ MUP/

PHASE 1 PRESSURE GRADIENTS

COMD
COMD

BM(NSQ/NRQ)/ CM(NSQ/NPQ)/ COMD 
CF(NRQ)/ EF(NRQ)/ ZETAF(NRQCOMD 

DQMEGA(NR Q)/ QR(NRQ) COMD
COMD

MVP

DO 40 J = 1/NY 
IJ«(J-1)*NXP+1 
IJP=IJ+NXP 
DO 30 I=1/NX 
IPJ*IJ+l 
IPJP^IJP+X 
DTP»0.5*DT*P(IJ)
RMi*1.0/MV(IPJ)
RM2*1.0/MV(IPJP)
RM3*1.0/MV(IJP)
RM 4»1•O/MV (IJ )
RX*R( I PJ )
R2*R(IPJP)
R3*R(IJ P)

R4«R( IJ )
R24*0.5*(R2+R4)
R31*0.5*(R3+R1)
Y24*Y(IPJP)-Y(IJ)
Y31aY(IJP)~Y(IPJ)
X24eX(IPJP)“X(IJ)
X31 = X ( UP )-X (IP J )
UL(IPJ)«UL<IPJ)+DTP*RM1*R(IPJ)*(Y(IPJP)-Y<IJ>) 
UL(IPJP)«UL(IPJP)+DTPtRM2*R(IPJP)*(Y(IJP)-Y(IPJ)) 
UL(IJP)SUL(IJP)+DTP*RM3*R(IJP)*(Y(IJ)-Y(IPJP)) 
UL(IJ)aUL(IJ)+DTP*RM4*P(IJ)*(Y(IPJ)-Y(UP)) 
VL(IPJ)=VL(IPJ)-DTP*RM1*X24+R(IPJ)
R222=R(IJP)
IF (I.NE.l) GO TO 10 
REXTR*R222+R222-R(IPJP)

41
42
43
44
45
46
47
48 

4

COMD 
COMD 
PHASE1 
PHASE 1 
PHASE1 
PHASE1 
PHASE1 
PHASE 1 
PHASE110 
PHASE 111 
PHASE112 
PHASE 113 
PHASE114 
PHASE 115 
PHASE 116 
PHASE 117 
PHASE 118 
PHASE119 
PHASE120 
PHASE 121 
PHASE 122 
PHASE123 
PHASE124 
PHASE125 
PHASE126 
PHASE 127 
PHASE 128 
PHASE129 
PHASE 130 
PHAS£131 
PHASE 132 
PHASE133 
PHASE134 
PHASE135



IF (REXTR .LT.O. ) R222-0.5*(R(IPJP)+R222 ) PHASE 136
10 CONTINUE PHASE 137

VL(IJP)=VL(IJP)+DTP*RM3*X24*R222 PHASE138
VL(IPJP)SVL(IPJP )-DTP*RM2*X31*R(IPJP) PHASE 139
R222=R(IJ) PHA SE140
IF (I.NE.l) GO TO 20 PHASE141
REXTR*R222+R222-R(IPJ) PHASE 142
IF (REXTR.IT.0.) R222 = 0.5*(R(IPJ) + R222 ) PHASE 143

20 CONTINUE PHASE144
VL(IJ)=VL(IJ)>DTP*RM4*X31*R222 PHASE 145
IJ*IJ+1 PHASE146

30 IJP=IJP+1 PHASE 147
40 CONTINUE PHASE148

♦ ♦ + PHASE 149
♦ + + BODY AND CENTRIPETAL FORCES PHASE150

PHASE151
DTGX=DT*GX PHASE152
DTGY 3D T*GY PHASE153
DO 60 J = 1»NYP PHASE 154
IJ»NXP*(J-l) PHASE 155
DO 50 1=1,NXP PHASE 156
IJ=IJ+l PHASE157
RRL=R(IJ)*R(IJ)/AMAXl(l.E-80,R(IJ)+U(IJ)♦DT)**3 PHASE158
VL(IJ)=Vl(IJ)+DTGY PHASE 159
UL(IJ)=UL(IJ)+DTGX+SWIRL*wL(IJ)*WL(IJ)*OT*RRL PHA S E160

50 CONTINUE pHASE161
60 CONTINUE PHASE162

CALL BC (UL,VL,WL ) PHASE163
RETURN PHASE 164
END PHASE 165

SUBROUTINE PRESIT
PARAMETER (NXQ=700, N«Q=3f NSQ=12> NERQ=6)
COMMON X(NXQ), R(NXQ), Y(NXQ), P(NXO)
COMMON /HKRAM/ EKtSl^NSQ)# NR E > NCHEM, HTFORM(NSQ), XKD, OMGCHM, 

1 EPSCHM

PRESIT 2 
COMD 2 
COMD 3 
COMD 4 
COMD 5
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LEVEL Z, YLj FL» NCH0P» 0YCH0P, FCHOP COMD
COMMON /CHOP/ YL(100)> FL(IOO^NSQ)^ NCHOP# DYCHOP# FCHOP COMD
COMMON /BLK/ ITMIN, NOL> NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RO(NXQ), SIE(NXO), NDUMP COMD
COMMON /KAH3/ UtNXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXO), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ V3L(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ ) , SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPDtNSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXO), COMD
2 Q(NXQ) COMD

COMMON /R SC 1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTUCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TVK), TC (9) , SPDV(4,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERO), CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NS Q,NRQ), 8M(NSQ,NRQ), CM(NS Q ,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NR Q), QR(NRQ) COMD

6
7
8 
9

10
11
12
13
IA
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45



?r
-t

v-

DIMENSION ROSDP(I)» RMV(l)
EQUIVALENCE (UG,RDSDP), (R MV> E )
REAL MC» MR, MV> MVT> LAMZER, MIP, MUP, MVP 
LOGICAL FIRST, JOBS 
DATA PSTAR, NUMIT /0.,0/

C
C +++ PRESSURE ITERATION FOR PHASE II
C ♦ + +

VSUM*D.
PSUM*0•
PNSUM=0.
DO 20 J *1,NY 
IJ» U-1)*NXP 
DO 20 1=1,NX 
IJ=IJ+l
IF (I.GE.NOL* AND.I.LT.NOR.AND.J.G£.NOB.AND.J.LT.NOT) GO TO 20 
DO 10 K = 1,NSP 

10 TSPD(K)=SPD(IJ,K)
CALL EOS (PSTAR,E(IJ),IJ)
PSDdJ )»PSTAR 
VSUM=VSUM+VOL(IJ)
PSUM=PSUM+PSTAR*VOL(IJ)
PNSUM-PNSUM+PL(IJ)*VOL(IJ)

20 CONTINUE
PBAR=PSUM/VSUM
PBAR-PBAR + VSUM/(VSUM-DT*VPIST0N + 0.5*X(NXP)*X(NXP) ) 
PN8AR=PNSUM/VSUM 
DO 30 J = 1,NY 
IJ*(J-1)*NXP 
DO 30 1=1,NX 
IJ=IJ+l
PL(IJ)=PL(IJ)+PBAR-PNBAR 

30 CONTINUE 
NUMIT = 0 
ILNGPI=0

AO NUMIT=NUMIT+1 
MUSTIT = 0
FIRST = NUMIf.EQ. 1.AND.NCYC.GT.l 
DO 90 J = 1,NY 
I J= ( J-D+NXP + l

COMD 46 
COMD 47 
COMD 48 
PRESIT 4 
PRESIT 5 
PRESIT 6 
PRESIT 7 
PRESIT 8 
PRESIT 9 
PRES IT 10 
PRE SI Til 
PRESIT12 
PRESIT13 
PRESIT14 
PRESIT15 
PRESIT16 
PRESIT17 
PRESIT18 
PRESIT19 
PRESIT20 
PRESIT21 
PRESIT22 
PRESIT23 
PRESIT24 
PRESIT25 
PRESIT26 
PRESIT27 
PRESIT28 
PRESIT29 
PRESIT30 
PRESIT31 
PRESIT32 
PRESIT33 
PRESIT34 
PRESIT35 
PRESIT36 
PRESIT37 
PRESIT38 
PRESIT39 
PRESIT40
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IJP«IJ+NXP PRESIT41
JOBS-J.6E.N0B.AND.J.LT.NOT PRESIT42
00 80 I =1> NX PRESIT43
IPJ=IJ+1 PRESIT44
IPJP-IJP+1 PRESIT45
IF (JQ8S.ANO.I.GE.NOL.AND.I.LT.NOR) GO TO 70 PRESIT46
X1*X (IPJ ) PRESIT47
Rl-RCIPJ) PRESIT48
Y1=Y(IPJ) PRESIT49
Ul-UL(IPJ) PRESIT50
Vl-VL(IPJ) PRESIT51
X2=X(IPJP) PRE SIT 52
R2=R(IPJP) PRESIT53
Y2*Y(IPJP) PRESIT54
U2=UL(IPJP) PRESIT55
V2*VL(IPJP) PRESIT56
X3* X(IJ P ) PRESIT57
R3 * R(IJ P ) PRESIT58
Y3»Y(IJP) PRESIT59
U3 = UL (UP) PRESIT60
V3-VL ( UP ) PRESIT61
X 4* X(IJ) PRESIT62
R4-R(IJ) PRESIT63
Y4»Y(IJ) PRESIT64
U4 = UL( IJ) PRESIT65
V4-VL(IJ) PRESIT66
X1P=X1+UL(IPJ)*01 PRESIT67
X2P=X2+UL(IPJP)+DT PRES1T68
X3P = X3 + UL ( UP)*Dr PRESIT69
X4P*X4+UL(IJ)*DT PRESIT70
Y1P=Y1+VL(IPJ)+0T PRESIT71
Y2P = Y2+VL(IPJ P)*DT PRES1T72
Y3P*Y3 + VL ( UP )*DT PRESIT73
Y4P=Y4+VL(IJ)*DT PRESIT74
RIP-XIP+CYL+OMCYL PRESIT75
R2P=X2P*C YL +QMCYL PRESIT76
R3P=X3P*CYL+OMCYL PRESIT77
R4P*X4P*CYL + 0IiCYL PRESIT78
ATR=(X2P*(Y3P-Y1P)-X1P*(Y3P-Y2P)-X3P*(Y2P“Y1P))*(R1P+R2P+R3P) PRESIT79
ABL=-(X1P*(Y4P-Y3P)+X3P*(Y1P-Y4P)+X4P*(Y3P-Y1P))*(R3P+R4P+R1P) PRESIT80



oo
or

so
oo

oo
oo

oo
g VW*SIXTH*(ATR+Aai)
■> MIP{IJ)*VW

VRAT=V0L(IJ)/VW 
PSTAR=PSO(IJ)*VRAT

♦ +
+++ IF THE DENSITY CANNOT 3E FACTORED OUT OF THE EQUATION OF STATE 
+ + + (FOR EXAMPLE, P*(GAMMA-1)*RHQ*S IE+ A*TEM**A/3 ) , A COMPLETELY 
♦♦+ GENERAL, BUT LESS EFFICIENT, REPLACEMENT FOR THE LINE DEFINING 
++♦ PSTAR IS THE FOLLOWING 7 LINES.

XISTAR=E(IJ)
R OL ( I J ) =0 .
DO 500 K*1,NSP 
TSPD(K)=SPD<IJ,K)*VRAT 
ROL(IJ)sRQL(IJ)+TSPD(K)

500 CONTINUE
CALL EOS (PSTAR,XISTAR,IJ)

+ + +

S = P L(IJ)-PST AR 
DP*-S*RDSDP(I J)
IF (FIRST) DP = DELP(IJ )*DT/DTSAV 
PL(IJ)«PL(IJ)+DP 
Y2A=Y2-Y^
Y31=Y3-Y1 
X31=X3-X1 
X24=X2-XA 
R24=0.5*(R2+R4)
R31=0.5*(R3 + R1 )
XX»0.5*DT*DP 
RM1 = 1.0/MV(IPJ )
RM2=1.0/MV(IPJP)
RM3*1.0/MV (UP )
RM4*1.0/MV( IJ )

C ♦♦♦ IF TESTS AT PRESIT.114-117 AND 12d-129 SET BOUNDARY CONDITIONS 
IF (I.EQ.l.OR.J.EQ.l) R M 4 * 0.
IF (J.EG.l.OR.I.EQ.NX) RM1=0.
IF (I.EQ.NX.OR.J.fcO.NY) RM2=0.
IF (I.EQ.l.OR.J.EQ.NY) RM3=0.
UL(IPJ)*UL(IPJ)+XX+RM1*R(IPJ)+(Y(IPJP)-Y(IJ)) 
UL(IPJP)«UL(IPJP)+XX*RM2*R(IPJP)*(Y(IJP)-Y(IPJ))
UL(IJP)=UL(IJP)+XX*RM3*R(IJP)*(Y(IJ) — Y(IPJP) )

PRESIT81 
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PRESIT 87 
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PRESIT91 
PRESIT92 
PRESIT93 
PRESIT94 
PRESIT95 
PRESIT96 
PRESIT97 
PRESIT98 
PRESIT99 
PRESI100 
PRES 1101 
PRESI102 
PRES 1103 
PRES 1104 
PRESI105 
PR E S1106 
PRE S1107 
PRES 1108 
PRES 1109 
PRESI110 
PRESI111 
PRE S1112 
PRESI113 
PRESI114 
PRESU15 
PRESI116 
PRES 1117 
PRES 1118 
PRES 1119 
PRESI120
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UK IJ > *UL (IJ )+XX'*RM4*R < IJ )* (Y (IPJ )-Y( I JP ) ) 
R24 » R(IPJ)
R 31=R(IJ)
IF (I.NE.l) GO TO 50 
REXTR=2.0*R31-R(IPJ)
IF (REXTR.LT.O.) R31 = 0.5*(R(IPJ)+ R31)

50 CONTINUE
IF (I.£0.1.AND.J.GT.l) RM4*1./MV(IJ)
IF (I.EO.l.ANO.J.LT.NY) RM3*1./MV(IJP) 
VL(IPJ) = VI-XX*R,M1*X24*R24 
VL (IJ )SV4 + XX*RM4*X31*R31 
R31=R(IPJP)
R24*R(IJP)
IF (I.NE.l) GO TO bO 
REXTR=2.0*R24-R(IPJP)
IF (REXTR.LT.0.) R24 = 0.5*(R(IPJP)+P24)

60 CONTINUE
VL(IPJP )=V2-XX*RM2*X31*R31 
VL(IJP)=V3 + XX*R!'13*X2 4*R24 
IF (ABS(S).GT.EPS*ABS(PSTAR)) NUSTIT=1 

70 CONTINUE 
IJ-IJ+l 

80 IJP=IJP+1 
90 CONTINUE

CALL BC (UL#VL#WL)
IF (NUMIT.GT.ITMAX) ILNGPI=1
IF (ILNGPI.EQ.l) RETURN
IF (MUSTIT.EQ.l.OR.NUMIT.EQ.l) GO TO 40
DO 110 J = 1# NY
IJ«(J-l)*NXP+1
DO 100 1=1,NX
DELP(IJ)=PL(IJ)-P(IJ)+PNBAR-PBAR 
DTSAV=DT 
P(IJ)*PL(IJ)

100 IJaIJ+1 
110 CONTINUE

DO 140 J = 1,NY 
IJ«( J-D+NXP 
DO 130 1=1,NX 
IJ=IJ+1

PRE S1121 
PRESI122 
PRESI123 
PRESI124 
PRESI125 
PRESI126 
PRESI127 
P RE S1128 
PRES1129 
PRES 1130 
PRESI131 
PRES 1132 
PRE S1133 
PRES 1134 
PRESI135 
PRE S 1136 
PRESI137 
PR ES 1138 
PRESI139 
PRES 1140 
PRESI141 
PRE S1142 
PRES 1143 
PRESI144 
PR E S114 5 
P RE S1146 
PRESI147 
PRESI148 
PRES 1149 
PRE S1150 
P RE S 1151 
PRESI152 
PRE S1153 
PRESI154 
PRESI155 
PRES 1156 
PRESI157 
PRESI158 
PRESI159 
PRESI 160



106 ROL(IJ)=0• PRES 1161
VRAT*VOL(IJ)/MIP(IJ) PRESI162
DO 120 K=1,NSP PRE S1163
SPD(IJ,K)=SPD( IJ,K)*VRAT PRESI16A
ROL(IJ)sROL(IJ)+SPD(IJ,K) PRESI165

120 CONTINUE PRESI166
130 CONTINUE PRE S1167
1 AO CONTINUE PRE S1168

DO 150 J = 1, N Y P P RE S1169
IJ*(J-l)*NXP PRESI170
DO 150 1*1,NXP PRES 1171
IJ=IJ+l PRESI172
WL(IJ)=WL(IJ)*R(IJ)/AMAX1(1,E-100,R(IJ)+DT*UL(IJ)) PRE S1173

150 CONTINUE PRESI17A
RETURN PRESI175
END PRE S1176

SUBROUTINE REGRID
PARAMETER (NXQ = 700> NR 0 = 3 * NSQ = 12> NER0 = 6)
COMMON X(NXQ), R(NXO), Y(NXQ)> P(NXQ)
COMMON /HKRAM/ fcK(Sl,NSQ)> NRE^ NCHEM, HTFORM(NSC),

1 EPSCHM
LEVEL 2, YL, FL, NCHQP, OYCHQP, FCHOP 
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2, XMU, COND, TEM, HK

XMU(NXQ), COND(NXQ), TEM(NXQ ) ,
RQ(NXQ), SIE(NXO), NDUMP
U (NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), 
MV, MC
VJL(NXQ), MV(NXQ), MC(NXG)
SPM
Sf,D(NXO,NSO) , SPM (NXQ,NSQ)
GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSG)

XKD, OMGCHMj

FCHOP

COMMON / K A HI/ 
COMMON /K AH2/ 
COMMON /KAH3/ 
LEVEL 2, VOL, 
COMMON /KA HA/ 
LEVEL 2, SPD, 
COMMON /K AH6/ 
COMMON /K AH7/ 

1 RHOKNSQ)

HK (NSQ)

wL (NXQ)

W T(NSQ)

REGRID 2 
COMD 2 
COMD 3 
COMD A 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 1A 
COMD 15 
COMD 16 
COMD 17 
COMD 18 
COMD 19 
COMD 20
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LEVEL 2, CVT 
COMMON /KAH8/ CVT(NXO)
LEVEL Zt RCEN, XCEN, YCEN,
COMMON /TEMPCH/ RCEN(NXQ),

1 MUP(NXQ ) , MVP(NXQ),
LEVEL 2, WP, ANGVEL,
COMMON /S W R L/ WP(NXQ), ANGVEL, TBODY, ADIA, AIRMU 
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UMNXQ),

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ),
2 Q(NXQ ) COMD

GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NA ME (8), COMD

NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SwIRL, T, TWLFTH, COMD

XCONV, XCONVZ, YCONV, YCONVZ COMD
COMD

MIP, MUP, MVP, VRO 
XCEN(NXQ), YCEN(NXQ), MIP(NXQ) 

VRO(NXQ)
TBDDY, ADIA, AIRMU 

ANGVEL, TBDDY,
), VREL(NXQ), E(

VG(NXQ), MVT(NXQ),

COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD

21
22

SPDVU,NSQ), 
BM NS Q, NE RQ) ,

C
c
c +♦+

COMMON /RSC1/ ABDC,
DTMAX, ILIM, XMUO, RPR,

/RSC2/ AO, AOM, AZMOM,
DTSAV, EPS, ILNGPI,

2 NCLAST, NCYC, NFOUT, NPOUT,
OMCYL, PEPS, PI, RADMOM,

A TOUT, UTMAX, VMAX, WORT,
COMMON /MARGON/ TV(4), TC(9),
COMMON /CHEME/ AN(NSQ,NERQ ),

1 , AS(NER Q), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ),
2 QEQ(NERQ)

INTEGER 
COMMON

1 NELEM(NRQ). .. . . .
), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ) 

RDSDP(l), RMV(l)
(UG,RDSDP), (RMV,E )

REAL MC, MP, MV, MVT, LAMZER, MIP,

MOVE VERTICES AND COMPUTE RELATIVE

SPDC(9,NSQ) ____
CN(NSQ,NE RQ), NLM(NERQ)COMD 

PROG(NERQ), COMD 
COMD 
COMD 
COMD

2 ;,
DIMENSION 
EQUIVALENCE

AN, BN, CN COMD 
/RAMCHM/ RWT(NSQ), AM(NS Q,NRQ), BM (NSQ,NRQ ) , C M(NS Q,NRQ), COMD 
NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 
NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD

MUP, MVP

VELOCITY BETWEEN GAS AND GRID

DO 20 J-l,NYP
IJ*(J-l )*NXP + 1
IJP*IJ+NXP
DO 10 1=1,NXP
X(IJ ) = X(IJ )+DT*UG(IJ)
Y(IJ )*Y(IJ)+DT*VG(IJ)
R(IJ )=X(IJ)*CYL+OMCYL
IJ-IJ+1
I JP*I JP + 1

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37 
30
39
40
41
42
43
44
45
46
47
48

REGRID 4 
REGRID 5 
REGRID 
REGRID 
REGRID 
REGRID 
REGRID10 
REGRID11 
REGRID12 
REGRID13 
REGRID14 
REGRID15

COMD
COMD
COMD

6
7
8 
9



108 10 CONTINUE 
20 CONTINUE

DO 30 1=1,NXP
Y (I ) - YPIST(I)+YPISTQN-YPIST (NXP) 

30 CONTINUE
DO 50 J =1,NYP 
IJ*(J-i)*NXP+1 
DO 40 1=1,NXP 
UREL(IJ)=UG(IJ)-UL(IJ) 
VREL(IJ)=VG(IJ)-VL( IJ)
MVT(IJ)=0•

40 IJ-IJ+1 
50 CONTINUE 

RETURN 
END

REGRID16 
REGRID17 
REGRID18 
REGRID19 
REGRID20 
REGRID21 
REGRID22 
R EGRID23 
REGRID24 
REGRID25 
REGRID26 
REGRID27 
REGRID28 
REGRID29 
REGRID30

HTFORM(NSG), XKD.

F CHOP

SUBROUTINE REZONE 
LEVEL 2, YT, VT 
COMMON /AT/ Y I (100), VT(IOG)
PARAMETER (NXQ=7Q0, NRQ«3, NS0=12, N6RG=6)
COMMON X(NXC), R(NXO), Y(NXC), P(NXQ)
COMMON /HKRAM/ EK(51,NSQ), NR E, NCHEM,

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP 
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, 
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DEL P{NX 3 )
LEVEL 2, XMU, COND, TEM, HK
COMMON /KAH 1 / XMU(NXG), COND(NXQ), TlM(NXG), HK(NSQ) 

RG(NXQ), SIE(NXQ), NDUMP
UtNXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), 
MV, MC
VGL(NXG), MV(NXG), MC(NXO)
SPM
3PD(NXG,NSQ), SPM(NXQ,NSQ)
GAMKNSQ), TSPDtNSQ), CV(NSQ), GAMMA(NSQ)

COMMON /KAH2/ 
COMMON / K AH3/ 
LEVEL 2, VOL, 
COMMON /KAH4/ 
LEVEL 2, SPD, 
COMMON /KAH6/ 
COMMON /KAH7/

REZONE 2
REZONE 3
REZONE 4
COMD 2
COMD 3

OMGCHM, COMD 4
COMD 5
COMD 6
COMD 7
COMD 8
COMD 9
COMD 10
COMD 11
COMD 12
COMD 13

WL(NXQ) COMD 14
COMD 15
COMD 16
COMD 17
COMD 18

WT(NSQ), COMD 19
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C
C
C

C

1 RHOKNSQ)
LEVEL Z* CVT 
COMMON /KAH8/ CVT(NXQ)
LEVEL Z> RCEN, XCEN, YCEN,
COMMON /TEMPCH/ RCEN(NXQ),

MVP(NXQ), VRO(NXQ)
ANGVEL, T600Y, ADIA,

W P(NXQ), ANGVEL, TBDDY, ADIA,

1 MUP(NXQ),
LEVEL 2, WP,
COMMON /SWRL/
COMMON /RSC/ RC(NXQ), 

1 VP(NXQ), PL(NXQ), 
Q(NXQ)

MIP, MUP, MVP, VRO
XCEN(NXQ), YCEN(NXQ), MIP(NXQ),

AIRMU

UREL(NXQ), VREL(NXG),
MP{NXQ), UG(NXQ), VG(NXQ),

RPM, VPISTON,
2

COMMON /RSC1/ ABDC, GX, GY, STROKE,
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT,

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH,
DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME (8), COMD 

NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXp, NUMIT, OM,COMD
I, TWLFTH, COMD

1 DT, DY,
2 NCLAST, NCYC
3 OMCYL, PEPS, PI, RADMOM, RDXMAX,

COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD 
COMD

YPISTON, YPISTdCOMD 
WORK, NYMAX COMD 
CAPDR, CYL, DX, COMD

AIRMU
E(NXQ), UP(NX Q), 

MVT(NXQ), ROL(NXQ)

RGAS, SIXTH, SWIRL,
VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

TV(A), T C(9), SPDV(A,NSQ), SPDC(9,NSQ) COMD
ERQ), BN(NSQ,NERQ ), CN(NSQ,NERQ), NLM(NfcRQ)COMD/CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ), CNtNSQ. _ _

BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ)

+ + + 

+ + +

A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ 
COMMON /MARGON/
COMMON

1 , AS(NERQ),
2 QEQ(NEPQ)

INTEGER AN, BN,
COMMON /RAMCHM/ *.*» i / » ah i hj w. I'm w j

1 NELEM(NRQ), AE(NS Q,NR Q), BE(NSQ,NRQ). . .
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOM EGA(NRQ), QR(NRQ) 

RDSDP(l), RMV(l)
(UG,RDSDP), (RMV,E )

REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP

COMPUTE GRID VELOCITY FOR THE REZQNER

DIMENSION ... 
EQUIVALENCE

JREZSIREZ+1 
GO TO (10,AO,70), JREZ 

♦++ EULERIAN 
10 CONTINUE

DO 30 *1 = 1, NYP 
IJ=(J-1)*NXP+1 
DO 20 1=1,NXP

20 
21 
22 
23
2 A
25
26
27
28
29
30
31
32
33
3 A
35
36
37
38
39 
AO 
A1 
A2 
A3 
AA 
A5 
A6 
A7 
A8

REZONE 6 
REZONE 7 
REZONE 8 
REZONE 9 
REZ0NE10 
REZ0NE11 
REZ0NE12 
REZ0NE13 
REZ0NE1A 
REZ0NE15

COMD 
COMD

CN COMD 
RWT(NSQ), AM(NS C,NR Q), 8M(NSQ,NRQ), CM(NSQ,NRQ)» COMD 

(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 
(NRQ). 7FTAB(NRQ). TCUT. DOMFGA(NRQ)• QR(NRQ) COMDCOMD

COMD
COMD
COMD



UG(IJ)=0 .
VG(IJ ) *0•

20
30 CONTINUE 

RETURN
C ♦♦♦ LAGRANGIAN 

40 DO 60 J *1 * NYP 
IJ=(J-l )*NXP+1 
DO 50 I*l> NXP 
UG(IJ)*Ul(IJ)
VG(IJ)*VL(IJ)

50 IJ*IJ+1 
60 CONTINUE 

RETURN
C +♦+ GENERAL REZONE 

70 CONTINUE
DO 80 I = 1> NXP 
IJTOP=NY*NXP+I 
DO 80 J =1> NYP 
IJ*(J-l )*NXP+I 
UG(IJ)=0.
VGUJ )*VPISTON 
N0*MAX0(0>NGT-1)*NXP+I
IF (J.GT.NOT) VG(IJ )*VPISTON*(Y(IJTOP)-Y(IJ ) )/(Y( IjrOP)-Y(NO)) 

80 CONTINUE
IF (NOT.LE.O) RETURN

C •*■ + +
C +++ REZONE THE CUP IF NECESSARY
C + + ♦

IJP=NQT*NXP+1 
IJ=IJP-NXP 
IJM=IJ-NXP 
DXOO=Y(IJP)-Y(IJ)
IF (DX00.GT.0.99*(Y(IJ)-Y(IJM)).AND.VPISTON.GT.O.) RETURN
IF (VPISTON.LT.O..AND.DXOO.GE.0.226) RETURN
NOTM =N0T-1
0X01=0X00
FF = 2.
QQ=(Y(IJ)-Y(1))/0X00 
DO 90 I =1» 200

REZONE16 
REZ0NE17 
REZ0NE18 
REZ0NE19 
REZ0NE20 
REZ0NE21 
REZ0NE22 
REZ0NE23 
REZ0NE24 
REZ0NE25 
REZ0NE26 
REZ0NE27 
REZ0NE28 
REZ0NE29 
REZ0NE30 
REZ0NE31 
REZ0NE32 
RE ZONE 33 
REZ0NE34 
RE ZONE 35 
REZ0NE36 
REZ0NE37 
REZ0NE38 
REZ0NE39 
REZONE 40 
REZ0NE41 
REZ0NE42 
REZ0NE43 
REZ0NE44 
REZ0NE45 
REZ0NE46 
REZ0NE47 
REZ0NE48 
REZ0NE49 
REZ0NE50 
REZ0NE51 
REZ0NE52 
REZ0NE53 
REZ0NE54 
REZ0NE55
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DF*AMAX1(l.E-200>FLOAT(NQT)*{FF**NGTM)-1.-GQ) RE ZONE^6
OF*(FF**NQT-FF*(1.+QQ)+QQ)/OF
FS = FF
FF=FF-DF
IF (I.GT.190) WRITE (59,1A0) NCYC, 
IF (ABS(FF-FS).LT.1.E-10*FF) GO TO 

90 CONTINUE 
CALL EXIT 

100 CONTINUE
YT(NOT ) sY(IJ)
YT(1)*Y(1)
VTM=0•
DO 110 JJ=2,N0TN
DX01=DX01*FF
J*N0T+1-JJ
YT(J)«YT{ J + D-DXOl
VT(J)*(YT(J)-Y((J-1)*NXP+1))/0T
VTM = AMAX1 ( VTil, ABS (VT ( J ) ) )

110 CONTINUE
DTTO=AZFAC*DXOO/AMAX1(1.£-200,VTM)

REZ0NE57
REZONE58
REZ0NE59

,FF,DF R EZ0NE60
100 REZ0NE61

REZ0NE62 
REZ0NE63 
REZ0NE6* 
REZ0NE65 
REZ0NE66 
REZ0NE67 
REZ0NE68 
REZ0NE69 
REZ0NE70 
R EZ0NE71 
R EZ0NE72 
REZ0NE73 
REZ0NE74 
R EZ0NE75

RATI0=AMIN1(l.,DTTO/DT)
DO 130 J«2,NOTM 
VT(J)*RATI0*VT(J)
DO 120 1=1,NXP 
IJ*(J-1)*NXP+I 
VG(IJ)=VT(J)

120 CONTINUE 
130 CONTINUE 

RETURN

1 AO FORMAT (IX,16HREZONE FAIL, NCYC*,15 
END

REZONE 76 
REZ0NE77 
REZ0NE78 
REZ0NE79 
REZ0NE80 
REZ0NE81 
REZ0NE82 
REZ0NE83 
REZ0NE8A 
REZ0NE85

3H I=,IA,8H FF, DF=,1P2E20.12)REZONE86
REZ0NE87

SUBROUTINE RINPUT 
INTEGER AM, BM, CM
PARAMETER (NXQ=700, NR0*3, NSQ=12, NERQ=6)

RINPUT 2 
RINPUT 3 
COMD 2



112 COMMON X(NXQ), R(NXQ), Y(NXQ)> P(NXQ) COMD
COMMON /HKRAM/ EK(51»NSQ), NRE» NCHEM, HTFQRM(NSQ), XKD, OMGCHM, COMD

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, CQND, TEM, HK COMD
COMMON /KAH1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RG(NXQ), SIE(NXO), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHW VJL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /K A H6/ SPD(NXQ,NS 0), SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH6/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ wP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREUNXQ), VREL(NXQ), E(NXC), UP(NXQ), COMD

1 VP(NXU), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AD, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, QM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD

TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD
COMMON /MARGON/ IV(4), TC(9), SPDV(WNSQ), SPDC(9,NSC) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ), CN(NSC,NERQ), NLM(NERQ)COMD

1 , AS(NERu), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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COMMON /RAMCHM/ RwT(NSQ)> AM(NSQ>NRQ)^ BM(NSQ>NRQ), CM(NSQ>NRQ), COMD 43
1 NELEM(NKQ), AE(NSQ»NRQ), BE(NSQ#NRO)» CF(NRQ), EF(NRQ), ZEIAF(NRQCOMD 44
2 ), CB(NRQ), £B(NRQ), ZETAB(NRQ), TCUT> DOMEGA(NRQ)# QR(NRQ)

DIMENSION R DS DP(1)> RMV(l)
EQUIVALENCE (UG#RDSDP)# (RMV # E)
REAL MC» MP# MV# MVT# LAMZER# MIP# MUP# MVP 
DIMENSION HOUT(31)
DATA XRAT# DXRAT /0.48#3./

C + + +
C ♦♦♦ INPUT THE ENTHALPIES OF THE SPECIES FROM THE JANNAF TABLES 
C + + + UNITS ARE KCAL/MOLE. 1*QCTANE# 2 = 02# 3 = N2# 4 = C02# 5 = H20#
C ♦♦♦ 6«H# 7 = H2 # 8 = 0# 9 = N# iO = OH# ll-CO# 12 = N0 
C ♦ + +

DATA (EK(N,1),N*1#51) /O. # 2.8968 # 5.7936# 8.6904# 1 3.827# 20.130#.2 7.41R IN PUT12
1 9#35.58#44.51#84.079>64.177#74.756#8S.796#97.157#106.84#120.75#13RINPUT13
2 2.65#144.56#156.47#168.38#130.29#192.2#204.11#216.02#227.93#239.SRINPUT14
3 4#251.74,263.&5#27 5.5e>#287.47#299.38#311.29#323.2#335.11#347.02#3RINPUT15
4 58.93#370.83»332.74#394.65#406.55#418.47#430.36#442.29#454.20#466RINPUT16
5 ,11#478.02#489.92#501.83#513.74#525.65,537.56/ RINPUT17

DATA (EK(N#2 )#N = 1#51) /-2.075#-1.381#-.685#.013#.724#1.455#2.21#2.RINPUT18
1 988#3.786#4.6# 5.427#6.266#7.114# 7.971# 8.835#9.706#10. 583# 11.465#1RINPUT19
2 2.354#13.2 49#14.149#15.054# 15.966#16.882#17.804# 18.732#19.664#20.RINPUT20
3 602#21.545,22.493#23.446#24.403#25.365#26.331,27.302#28.276#29.25RINPUT21
4 4#30.236#31.221,32.209#33.201#34.196,35.193,36.193#37.196#38.201#RINPUT22
5 39.208,40.218, 41.229,42.242,43.257/ RINPUT23

DATA lEK(N# 3)#N = 1# 51) /-2.072,-1. 379#-.683#.013#.71#1.413#2.125#2.PINPUT24
1 853#3.596#4.35p#5.129,5.917,6.718#7.529,8.35,9.179,10.015,10.858#RINPUT25
2 11.707,12". 56,13.418,14.28#15.146,16.015,16.886,17.761,18.638,19.5RINPUT26
3 17#20.398#21.28#22.165#23.051#23.939#24.829,25.719#26.611#27.505#RINPUT27
4 28.399,29.295,30.191# 31.0 89# 31.988#32.888# 33.788#34.690# 35.593#36RINPUT28
5 .496,37.4#38.306,39.212,40.119/ RINPUT29

DATA (EK(N#4)#N = 1#51) /-2.233#-1.543#-.816#.016#.958#1.987#3.087#4RINPUT 30
1 .245,5.453,6.702# 7.984,9.296#10.632,11.968,13.362,14.75#16.152#17RINPUT31
2 .565,18.987,20.418,21.857#23.303#24.755,26.212,27.674#29.141#30.6RINPUT32
3 13,32.088#33.567,35.049#36.535,38.024,39.515,41.01#42.507#44.006#RINPUT33
4 45.508#47.012#48.518#50.027#51.538#53.051#54.566#56.082#57.601#59RINPUT34
5 .122,60.644,62.169,63.695,65.223,66.753/ RINPUT35

DATA (EK(N#5)#N=1#51) /-2.367#-1.561#-.784#.015#.825#1.654,2.509#3RINPUT36
1 .39#4.3#5.24#6.209#7.21#8.24#9.298# 10.384#11.495#12.63#13.787,14.RINPUT37
2 964#16.16# 17.3 73,18.602# 19.846,21.103# 22.372#23.653,24.945#26.246RINPUT38

COMD 45 
COMD 46 
COMD 47 
COMD 48 
RINPUT 5 
RINPUT 6 
RINPUT 7 
RINPUT 8 
RINPUT 9 
RINPUT10 
RINPUT11



114 3 »27.556*28.875* 30.201*31.535*32.876*34.223* 35.577#36.936# 38.3*39.RINPUT39
4 669,41.043*42.422*43.805*45.192»46.583*47.977*49.375*50.777*52.18RINPUT40
5 1*53.589*55.*56.413*57.829/ RINPUT41

DATA (EK(N*6)*N*1*51) /-l.461*-.984*-.488*.009 *.506 * 1.003 * 1.5, 1.99RINPUT42
1 6,2.493*2.99*3.487*3.984*4.481*4.977*5.474*5.971*6. 463*6.965*7.46RINPUT43
2 1*7.958*8.455*3.952*9.449*9.945*10.442*10.939*11.436*11.933*12.43R1NPUT44
3 *12.926*13.423* 13.92* 14.417*14.914*15.41*15.907*16. 404*16.901*17.RINPUT45
4 398*17.895,18.391*18.888* 19.385*19.882*20.379*20.875*21.372*21.86RINPUT46
5 9*22.366*22.863*23.359/ RINPUT47

DATA (EK(N*7)*N = i*5i) /-2.024 *-1.265 * -.662 *.013*.707 * 1.406* 2.106 *2RINPUT48
1 .808*3.514*4.226*4.944*5.67*6.404*7.146,7.902*8.668*9.446*10.233*RINPUT49
2 11.03*11.836*12.651*13.475*14.307*15.146*15.993*16.843,17.708,18.RINPUT50
3 575*19.448*20.326*21.21*22.098,22.992*23.891*24.794*25.703*26.616RINPUTS1
4 *27.535*28.457* 2-9.385* 30.31 7* 31.2 53* 32.194* 33.139 * 34.086 * 35.042 * 3RINPUT52
5 5.999*36.961*37.926*38.895*39.863/ RINPUT53

DATA (EK(N*8)*N = 1*31) /-l.608,-1.06*-.523*.01*. 528 * 1.038,1.544* 2.OR INPUT54
1 48*2.55*3.052* 3.552*4.051*4.551*5.049*5.548,6.046*6.544*7.042*7.5RINPUT55
2 40*8.036*8.536*9.034*9.532*10.029*10.527*11.026*11.524,12.023*12.RINPUT56
3 522*13.022*13.522* 14.023*14.524*15.026*15.529* 16.033*16. 537*17.04RINPUT57
4 3* 17.549* 16.05 7*18.565*19.075* 19.586*20.098*20 .611*21.126*21.641*RINPUTS8
5 22.153*22.676*23.195*23.715/ RINPUT59

DATA (EK(N,9)*N = 1*51) /-1.481 * -.984 * -.488 *.009*.506* 1.003 * 1.5 * 1.99RINPUT60
1 6*2.493* 2.99*3.487* 3.984* 4.481*4.977* 5.474* 5.971,6.468*6.965, 7.46RINPUT61
2 1*7.95 8,8.455*3.95 2,9.44 9*9.946* 10.4 44*10.941*11 .439* 11.938 * 12.43RINPUT62
3 7,12.936*13.437,13.939*14.441*14.946*15.451*15.959,16.469,16.98,1RINPUT63
4 7.495,16.012*18.531*19.054*19.58*20.11*20.643*21.18,21.721*22.266RINPUT64
5 *22.816*23.37*23.928/ RIN PUT65

DATA (EK(N*10),N«1*51) /-2.192,-1.467*-.711*.013*.725*1.432*2.137,RINPUT66
1 2.845,3.5 56*4.27 5,5.003*5 .742*6.491*7.252*8.023*8.805*9.596*10.39RINPUT67
2 7*11.207*12.024,12.849*13.631*14.52*15.364*16.214*17.069*17.929*1RINPUT68
3 8.794* 19.662*20.535* 21.411*22.291*23.174*24.06*24.949* 25.841*26.7RINPUT69
4 35*27.632,28.532,29.434*30.338,31.245,32.153,33.064*33.976*34.89*RINPUT70
5 35.807*36.725,37.644*38.566*39.489/ RINPUT71

DATA <EK(N*11)*N»1*51> /-2.072*-1.379*-.683*.013*.711,1.417*2.137*RINPUT72
1 2.873*3.627*4.397*5.183*5.933*fc.794*7.616*8.446*9.285*10.13*10.98RINPUT73
2 *11 . 836* 12.697*13.561* 14.43*15 .301*16 .175*17.052,17.931*16.813* 19RINPUT74
3 .696*20.582*21.469*22.357,23.248,24.139*25.032*25.927,26.822,27.7RINPUT75
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4 19,28.617#29.516#30.416,31.316>32.218,33.121,34.025,34.93>35.835,RINPUT76
5 36.741,37.649,38.557,39.465,40.375/ RINPUT77

DATA (EK(N,12),N = 1, 51 ) /-2.197,-1.451,-.705,.013,. 727,1.448,2.186,RINPUT 78
1 2.942,3.716,4.507,5.313,6.131,6.96,7.798,8.644,9.496,10.354,11.21RINPUT79
2 7,12.084,12.955,13.829,14.706,15.587,16.469,17.534,18.241,19.129,RINPUT80
3 20.02,20.911,21.805,22.7, 23.596,24.493,25.392,26.291,27.192,28.09RIN PUTS1
4 4,28.997,29.9,30.805,31.71,32.616,33.523,34.431,35.34,36.249,37.1RINPUT82
5 59,38.07,38.982,39.894,40.807/ R INPUT83

c ♦ + + RINPUT84
c ♦ + ♦ READ DATA DECK RINPUT85
c + ♦+ RINPUT86

READ (5,320) NANE RINPUT87
READ (5,370) NSP,NR,NFOUT,NPOUT,LPR,ITMAX,NX,NY,NRE RINPUT88
READ (5,440) EPSCHM,OMGCHM,XKD RINPUT89
READ (5,350) HOUT(5),DX,H0UT(6)>DY R INPUT90
READ (5,350) HOUT(10),XIGNIT,HOUT(11),SI El R INPUT91
READ (5,350 ) HOUT(12),0M,HOUT(13),PE PS,HOUT(14),EPS RINPUT92
READ (5,340) H0UT(16),AZFAC RINPUT93
READ (5,370) NCLAST,NOL,NOR,NO8,NOT, ITMIN RINPUT94
READ (5,340) HOUT(20),AO,HOUT(21),80 RINPUT95
READ (5,340) HOUT(22),AOM RINPUT96
READ (5,330) H0UT(24), IREZ R INPUT97
READ (5,440) LAMZER,DTMAX,DT,CYL RINPUT98
READ (5,340) HOUT(31),ANC RINPUT99
READ (5,350) HOUT(2),RGAS RINPU100
READ (5,440) RPM,STROKE,ABDC,GX,GY RINPU101
READ (5,440) XMUO,RPR,RSC,DISS,TCUT R INPU102
READ (5,440) SWIRL,ANGVEL,TBDDY,AD I A,AIR MU RINPU103
IF (NSP.LE.O) CALL TAPIN RINPU104

c + + + SPECIES AND REACTION DATA INPUT RINPU105
DO 10 K = 1 > N S P R INPU106
READ (5,390) RHJI(K),GAMMA(K),WT(K),HTFORM(K) RINPU107

c ♦ ♦♦ CHANGE UNITS FROM KCAL/MOLE TO CGS UNITS RINPU108
HTFORM(K)*HTFORi'1(K)*4.184E + 10 R INPU109
GAM1(K)«GAMMA(K)-1. RINPU110
C V ( K ) = RGAS/(GAH1(K)*WT (K) ) R INPU111
RWT(K ) *1•/WT(K ) RINPU112

10 CONTINUE R INPU113
c ♦ ♦ + RINPU114
c + + + CONVERT EK ARRAY FROM ENTHALPY TO SIE (ERGS PER GRAN) RIN PU115



o 
o 

o
+ + + RINPUllb

DO 20 K=1,NSP RINPU117
HKZERO=EK(1»K) RINPU118
DO 20 N = 1» 51 RINPU119
TEMP«100.*FL0AT(N-l) R INPU120
EK(N,K)=4.184E+10+RWT(K)*(EK{N#K)-hKZERO-1.987E-03+TEMP) RINPU121

20 CONTINUE R INPU122
IF (NR.LE.O) GO TO 60 RINPU123
DO 30 K = 1»NR RINPU124
READ (5> 390 ) CF(K),EF(K),ZETAF{K ) RINPU125
READ ( 5,390 ) C8(K),E3(K),ZETA8 (K ) R INPU126
READ (5,500) (AN(KKK,K ) ,KKK»l,NSP) RINPU127
READ ( 5,500) ( Bf-I ( KKK, K ) , KKK = 1, NS P > RINPU128
READ (5,510) (AE(KKK,K),KKK«1,NSP) RINPU129
READ (5,510) (BE(KKK,K),KKK=1,NSP) RINPU130

30 CONTINUE RINPU131
RINPU132

SETS REACTION-SPECIES INDEX ARRAYS R INPU133
RINPU134

DO 50 L =1,NR RINPU135
NELEMtl)*0 RINPU136
NK = 0 RIN PU 137
QR (L )=*0. RINPU138
DO 40 K = 1» NS P RINPU139
CM(K,L)=0 RINPU140
IF (AM(K,L).tQ.O.AND.BM(K,L).EQ.O) GO TO 40 RINPU141
NK*NK+1 RINPU142
CM(NK,L ) =K RINPU143
QP(L)»QR(L)+(AM(K,L)-BM(K,L))*HTFQRM(K) R INPU144

40 CONTINUE RIN PU14 5
50 NELEM(L )=NK RINPU146
60 CONTINUE RINPU147

IF (NRE.LE.O) GO TO 100 RIN PU148
DO 70 L =1,NR E RINPU149
READ (5,390) AS(l ),B5(L),CS(L),DS(L),ES(L) RINPU150
READ (5,500) (AN(K,L),K=1,NSP) RINPU151
READ (5,500) ( BN(K,L),K = i,NSP) RINPU152

70 CONTINUE RINPU153
DO 90 1=1,NRE RINPU154
NLM(L)=0 RINPU155
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80
90

100

110

NK*0
QEQ(L)=0.
0D 80 K=1,NSP 
CN(K » L)*0
IF (AN(K>L).EQ.O.ANO.BN(K»L).EQ.O) GO TO 80 
NK = NK + 1 
CN(NK,L)=K
QEQ(L)=QEQ(L)+(AN(K,L)-BN(K,L))4HTFQRN(K)
CONTINUE 
NLM(L)sNK 
CONTINUE
IF (LPR.EQ.O) GO TO 210 
WRITE (12,320) NAME

(12,380) NSP,NR,NFOUT,NPOUT,LPR,ITMAX,NX,NY 
(12,550) NRE,EPSCHM,XKO,OMGCHM 

H0UT(5),DX,H0UT(6),DY 
HOUT(10),XIGNIT,HOUT(11),SI 6 I 
H0UT(12),0M,H0UT(13),PEPS,H0UT(1A),EPS 
H0UT(16),AZFAC
NCLAST,NOL,NOR,NOB,NOT,ITMIN 
HOUT(20),AC,HOUT(21),BO 
HOUT(22 ),AOM 
HOUT(2 A ) , IR E Z 
LAMZER,DTMAX,DT,CYL 
HOUT(31 ),ANC 
HOUT(2),RGAS 
RPM,STROKE,ABDC,GX,GY 
XMUO,RPR,RSC,DISS,TCUT 
SWIRL,A NOVEL,TBDDY,ADIA,AIR MU

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
DO 110

(12,350) 
( 12,360) 
(12,360) 
(12,340) 
(12,480) 
(12,340) 
(12,340) 
(12,330) 
(12,460) 
( 12,340 ) 
(12,360 ) 
(12,450) 
(12,470) 
(12,580) 
(12,410) 

K = 1,NS P
WRITE (12,400) K,RHOI(K),CV(K),GAMMA(K),WT(K),HTFORM(K) 
CONTINUE 
IF (NR.LE.O) GO 
WRITE (12,420)
DO 120 K = 1,NR 
WRITE (12,400)
WRITE (12,520)
Is3HLHS
WRITE (12, 530) I, (AM(KKK,K),KKK = 1>NSP )

TO 130

K,QR(K)
CF(K),EF(K),Z£TAF(K),CB(K),EB(K),ZETAB(K)

R INPU156 
RINPU157 
R INPU158 
RINPU159 
RINPU160 
R INPU161 
RINPU162 
RINPU163 
R 1NPU164 
RINPU165 
R INPU166 
RINPU167 
RINPU168 
RIN PU169 
RINPU170 
RINPU171 
RINPU172 
R I NPU173 
RINPU174 
RINPU175 
RINPU176 
RINPU177 
RINPU178 
RINPU179 
RINPU180 
R IN PU 181 
RINPU182 
RINPU183 
RINPU164 
RINPU185 
RINPU186 
RINPU187 
RINPU188 
RINPU189 
RINPU190 
RINPU191 
RINPU192 
RINPU193 
RINPU194 
RINPU195
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120
130

140
150

I * 3HR HS
WRITE (12> 530) I>(BM(KKK.K)>KKK = 1»NSP)
I = 4H FOR
WRITE (12#540) If(AE(KKK,K),KKK-1,NSP)
I-4HBACK
WRITE (12,540) I,(BE(KKK,K),KKK=1»NSP)
CONTINUE
CONTINUE
IF (NRE.LE.O) GO TO 150 
00 140 L = i,NR £
WRITE (12,560) l,AS(l),3S(L),CS(L),DS(L ) ,ES(l),QEQ(L),NLM(L ) 
IMES =2HAN
WRITE (12,570) IMES,(AN(K,L),K=1,NSP)
IMES=2HBN
WRITE (12, 570) I MES,(BN(K,L),K = 1,NSP)
IMES *2HCN
WRITE (12,570) 
CONTINUE 
CONTINUE 
WRITE (12,430) 
IF (LPR.EQ.l) 
WRITE (6,320) 
WRITE (6,380) 
WRITE (6,550) 
WRITE (6,350) 
WRITE (6,360) 
WRITE (6,360) 
WRITE (6,340) 
WRITE (6,480) 
WRITE (6,340) 
WRITE (6,340) 
WRITE (6,330) 
WRITE (6,460) 
WRITE (6,340) 
WRITE (6,360) 
WRITE (6,450) 
WRITE (6,470) 
WRITE (6,580) 
WRITE (6,410) 
00 160 K=1,NSP

IMES,(CN(K,L),K=1,NSP)

GO TU 210 
NAME
NSP,NR,NFOUT,NPOUT,LPR,ITMAX,NX,NY
NRc,EPSCHM,XKD,OMGCHM
H1UT(5),DX,H0UT(6),DY
HOUT(10),XIGNIT,HOUT(11)>SIEI
HOUT(12),0M,HOUT(13),PE PS,HOUT(14),EPS
HOUT(16), AZFAC
NCLAST,NOL,NOR,NOB,NOT,ITMIN
HGUT(20),A0,HGUT(21),8Q
HOUT(22 ),AOM
HOUT(24),IREZ
LAMZER,DTMAX,DT,CYL
HOUT(31),ANC
HOUT(2),RGAS
RPM,STROKE,ABDC,GX,GY
XMUO,RPR,RSC,DISS,TCUT
SWIRL,ANGVEL,TBDDY,ADIA,AIRMU

RINPU196 
RINPU197 
RINPU198 
RINPU199 
R INPU200 
R INPU201 
R INPU202 
RINPU203 
RINPU204 
R INPU205 
RINPU206 
R INPU207 
RINPU208 
RINPU209 
RINPU210 
R INPU211 
RINPU212 
RINPU213 
RINPU214 
R INPU215 
R INPU216 
RINPU217 
RINPU218 
RINPU219 
RINPU220 
RINPU221 
RINPU222 
RINPU223 
RINPU224 
RINPU225 
RINPU226 
RINPU227 
RINPU228 
RINPU229 
RINPU230 
R INPU231 
R INPU232 
RINPU233 
RINPU234 
RINPU235
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WRITE (6,400) K,RHOI(K),CV(K),GAMMA(K),WT(K),HT'FORM(K) R INPU236
160 CONTINUE RINPU237

IF (NR.LE.O) GO TO 180 RI NPU 2 38
WRITE (6,420) RINPU239
DO 170 K«1,NR RINPU240
WRITE (6,400) K,QR(K) RINPU241
WRITE (6,520) CF(K),EF(K),ZETAF(K),C8(K),EB(K),ZETAB(K) RINPU242
I=3HLHS RINPU243
WRITE (6,530) I,(AM(KKK,K),KKK»1,NSP) RINPU244
I=3HRHS RINPU245
WRITE (6,530) I,(BM(KKK,K),KKK=1,NSP) RINPU246
I=4H FOR RINPU247
WRITE (6, 540) I,(AE(KKK,K),KKK=1,NSP) RINPU248
I*4HBAC K RINPU249
WRITE (6,540) I,(BE(KKK,K),KKK=1,NSP) RINPU250

170 CONTINUE RINPU251
180 CONTINUE RINPU252

IF (NRE.LE.O) GO TO 200 RINPU253
DO 190 Ls1,NRE RINPU254
WRITE (6,560) L,AS(L),BS(L),CS(L),DS(L),ES(L),QEQ(L),NLM(L) RINPU255
IMES=2HAN R INPU256
WRITE (6,570) IMES,(AN(K,L),K-1,NSP) RINPU257
IMES = 2HBN RINPU258
WRITE (6,570) IMES,(BN(K,L),K=1,NSP) RINPU259
IMESs2HCN RINPU260
WRITE (6,570) IMES,(CN(K,L),K=l,NSP) RINPU261

190 CONTINUE RINPU262
200 CONTINUE RINPU263

WRITE (6,430) RINPU264
+ + + RINPU265
+ + + INITIALIZE X, Y, R, AND VERTEX QUANTITIES RINPU266
+ + + RINPU267
210 CONTINUE RINPU268

IF (T.GT.O.O) GO TO 310 RIN PU 269
NYMAX=NY RINPU270
OMC YL = 1.-CYL RINPU271
DTSAV=DT RINPU272
SIXTH=l./6. RINPU273
TWLFTH=0.5*SIXTH R INPU274
NYP=NY+1 RINPU275



120 NXP=NX+1 
DO 2<fO J*1,NYP 
DO 230 I = 1>NXP 
IJ*(J-1)*NXP+I 
X(IJ)-FL04T(I-1)*DX 
Y(I )»7.1625
IF (J.GT.l) Y(IJ)=Y(IJ-NXP)+DY 
YPIST(I)=0.
R(IJ > = X(IJ)*CYL + OMCYL 
U(IJ)«0.
V(IJ)=0.
OREL(IJ )=0.
VR EL(IJ)=0 •
W(IJ )=SWIRL*4NG\/EL*R( IJ)
MV(IJ)»0.
TEM(IJ)=0•
P(IJ)s0.
RO(IJ)=0.
VOL(IJ)=0.
DO 220 K«l,NSP 
S PD(IJ » K)=0.
SPM(IJ>K ) = 0.

220 CONTINUE 
230 CONTINUE 
240 CONTINUE

YPISTON=Y(1)
VP IS TON =0 .
CALL BC (U,V»W)

C ♦♦♦
C ♦♦♦ INITIALIZE THE CELL CENTERED QUANTITIES
C ■»• + +

DO 280 J=1,NY 
IJ=(J-l)*NXP+1 
I JP=IJ + NXP 
DO 270 1=1,NX 
IPJ=IJ+I 
IPJP=IJP+1 
RO(IJ)=0 .
TOI=0.
DO 250 K = 1> NSP

RINPU276 
RINPU277 
RINPU278 
RINPU279 
RINPU280 
RINPU281 
RINPU282 
RINPU283 
R INPU284 
R INPU285 
R INPU286 
RINPU287 
RINPU288 
RINPU289 
RINPU290 
RINPU291 
RINPU292 
RINPU293 
RINPU294 
RINPU295 
RINPU296 
RINPU297 
R INPU298 
RINPU299 
RINPU300 
RINPU301 
RINPU302 
RINPU303 
R INPU304 
RINPU305 
RINPl)306 
RINPU307 
RINPU308 
RINPU309 
RINPU310 
RINPU311 
R INPU312 
RINPU313 
RINPU314 
R INPU315
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S PD(IJ > K)*RHDI(K)
TSPD(K)=SPD(IJ,K )
RO(IJ) = PQ(IJ)+SPD(iJ,K)
TOI=TOI+SPD(IJ,K)*CV(K)

250 CONTINUE
CVT(IJ)sTOI/RO(IJ)
ATR*(x{ipjp)*{r(ijp)-y(ipj))-x(iPj)»(Y(UP)-r(iPjP))-x(ijp)*(

1 Y(IPJP)-Y(IPJ)))*(R(IPJ)+R(IPJP)+R(IJP)) 
ABL*-(X(IPJ)!MY(IJ)-Y(IJP)) + X(IJP)^(Y(IPJ)-Y{IJ))+X{IJ)*(Y(IJP)- 

1 Y(IPJ)))MR(IJP) + R(IJ)+R(IPJ))
VOL ( IJ ) sSIXTH3*' ( ATR+ABL )
MC(IJ)»VOL(IJ)*RO(IJ)
RDSDP(IJ)=0.
XNU(IJ)=0.
COND(IJ)=0.
TEM(IJ)=SIEI 
TBS0.01*TEN( IJ )
IT = TB
FR = T B-F LOAT{IT)
SIE(IJ)-0.
TOI=0.
DO 260 K«1>NSP
SIE(IJ)-SIE(IJ)+((1.-FR)*EK(IT+1»K)+FP*EK(IT+2,K))*SPD(IJ#K)

260 TOI*TOI+CV(K)+SPD(IJ»K)
S IE (IJ ) = SIE(IJ ) /RQ(IJ)
CALL EOS (P(lJ)»SIE(IJ)*IJ)
IJ=IPJ 
IJP=IPJP 

270 CONTINUE 
280 CONTINUE

DO 300 J»1,NY 
I J=(J-l)*NXP + 1 
IJP=IJ+NXP 
DO 290 I = 1» NX 
IPJ*IJ+1 
IPJP*IJP+1
MV ( IJ)*MV(IJ)+0.25 + NC( IJ )
MV(IPJ)=MV(IPJ)+0.25*MC(IJ)
MV(IPJP)=MV(IPJP)+0.25*MC( IJ )
MV(IJP)=NV(IJP)+0.25*MC{IJ)

RINPU316 
RINPU317 
RINPU318 
RIN PU 319 
RINPU320 
RINPU321 
RINPU322 
RINPU323 
RINPU32A 
RINPU325 
RINPU326 
RINPU327 
RIN PU 3 28 
RIN PU 329 
R INPU330 
RINPU331 
RINPU332 
RIN PU 33 3 
RINPU33A 
RINPU335 
RINPU336 
RINPU337 
RINPU338 
R INPU339 
RINPU340 
RINPU 3^1 
RINPU3A2 
RINPU343 
RINPU34A 
RINPU345 
R IN PU 346 
RINPU347 
R INPU348 
RIN PU 349 
RINPU350 
RINPU351 
RINPU352 
RINPU353 
RINPU354 
RINPU355
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C
C
C
C

290
300

310

+ + + 
+ + + 
♦ ♦♦

320
330
340
350
360
370
380

I JP = IJP + 1

CONTINUE 
CALL TEMPER 
CONTINUE
READ 15*370) NCHOP
FCHOP-FLOAT(NCHOP+1)/FLOAT(NCHOP)
IK*MAX0(1»N0T)+NXP
DYCH0P*0.999+(Y(NXP*NYP)-Y (It<)-STRQKE-YPIST(NXP) + Y(NXP) )/ 

L FLOAT(NCHOP )
WRITE 16*490)
WRITE (12*490)
RETURN

FORMAT BLOCK

FORMAT (8A10)
FORMAT (A 10*I 5)
FORMAT (A10*F10.5)
FORMAT (A10* E20•8 )
FORMAT <1X*A10*1PE20.8) 
FORMAT (10X*I 5)
FORMAT (5 X* 5HNS P =*I5*16X*

NCHOP* 0YCHOP 
NCHOP,DYCHOP

4HNR =*I5/3X*7HNF0UT =* 15* 13X*7HNP0UT 
1 *I5/5X*5HLPR =*I5*13X»7HITMAX =,I5/6X*4HNX =*15*16X,4HNY =,I5) 

390 FORMAT (10X,E20.8)
400 FORMAT (1X*15* 1P5E20.6 )
410 FORMAT (///40X*12HSPEC IES DAT4//5A*1HK*11X*4HRH0I*18X*2HCV*15X*

1 5HGAMMA*18X,2HWT*16X,6HHTFQRM)
420 FORMAT 
430 FORMAT 
440 FORMAT 
450 FORMAT 

1 X,4HGX 
460 FORMAT

DATA//5X*1HK,11X*2HQR)

* * E20•8

(//40X*13HREACTI0N 
(/// )
(10X* E20•8 )
(5X*5HRPM =*1P£20.8/2X*8HSTRQKE =*E20.8/4X>6HA8DC 
=*E20.8/6X*4HGY =,£20.8)

(2X,8HLAMZER =,1PE20.8/3X,7HDTMAX =*E20.8/6X*4H0T =,E20.8 
1 X* 5HC YL =,E20•8 )

470 FORMAT (4X,6HXMU0 =*xPE20.8/5X*5HRPR =*E20.6/5X,5HRSC =*E20.6/4X 
1 HDISS =*E20.8/4X*6HTCUT =,E20.8)

480 FORMAT (2X,8HNCLAST =*I5/5X* 5HN0L =*I 5/5X,5HN0R =* 15/5X,5HN0B =* 
1 /5X*5HN0T »*I5/3X*7HITM1N =*I5)

RINPU356 
R 1NPU357 
RINPU358 
R INPU359 
RINPU360 
R INPU361 
RINPU362 
RINPU363 
RINPU364 
RINPU365 
RINPU366 
RINPU367 
RINPU368 
RINPU369 
R INPU370 
RINPU371 
R INPU372 
R INPU373 
RINPU374 
RINPU375 
RINPU376 
RINPU377 
RINPU378 

= RINPU379 
RINPU380 
RINPU381 
RINPU382 
RINPU383 
R INPU384 
RINPU385 
RINPU386 
RINPU387 

/6RINPU388 
RINPU389 

/ 5RINPU390 
RINPU391 

*6RINPU392 
RINPU393 

I5RINPU394 
RINPU395
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490 FORMAT (//IX,28HCH0PPER PARAMETERS - NCHOP *,I 4/3X,13HHALF PERIOD 
1«,1PE13.5,2X,8HDYCH0P =,E13.5)

FORMAT (5X»1515)
(5X,8F8.3)
(1X, 15HCF , EF, ZETAF = , 1P3E20.8/1X,15HCB,

500 
510 FORMAT 
520 FORMAT 

1 8)
530 FORMAT 
540 FORMAT 
550 FORMAT

EB, ZETAB

RINPU396 
RINPU397 
RINPU398 
RINPU399 

,3E20.RINPU400 
RINPU401

^ -,1515/(26X,1515 ) ) RINPU402
(IX,A4,24HWARD SPECIES EXPONENTS =,8F8.3/(29X,8F8.3)) RINPU403

,I5/2X,8HEPSCHM =, 1PE20.8/5X, 5HXKD *, 1P E 20.8 / 2 X, R IN P0404
RINPU405

(1X,A3,1X,22HST0ICHI0METRIC COEFS

(5X,5HNRE
1 8HQMGCHM *,E20.8) K1NKU405

560 FORMAT (//5X,20HEQUIIIBRIUM REACTION,I5/1X,20HAS, BS, CS, DS, ES *RINPU406 
1 ,1P5E18.8/1X,5HQEQ =,E18.8,10X,5HNLM *,I5) RINPU407

570 FORMAT (1X,A2,2H =,15 I 5/(5X,15 15 ) ) RINPU408
580 FORMAT (3X,7HSWIRL =,1 PE 2 0.8/2X,8 HANGVEL *,620.8/3X,7HTBO0Y *,E20 . RINPU409 

1 8/4X,6HA0IA =,E20.8/3X,7HAIRMU =,E20.6) RINPU410
END RINPU411

SUBROUTINE RSEDIT (IK,LUN)
PARAMETER (NXQ = 700, NR Q = 3, NSQ = 12, NERQ = 6)
COMMON X(NXQ), R(NXQ), Y(NXQ), P(NXQ)
COMMON /HKRAM/ EK(51,NSQ), NR E, NC HEM, HTFORM(NSQ), XKO, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NS0), NCHOP, DYCHOP, FCHOP 
COMMON /BLK/ I THIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2j' XMU, COND, TEM, HK
COMMON /KAMI/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ)

RO(NXQ), SIE(NXQ), NDUMP
U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) 
MV, MC
VOL(NXQ), Mv(NXQ), MC(NXQ)
S PM
SPD(NXQ,NSQ), SPM(NXC,NSG)
GAMKNSO), TSPD(NSQ), CV(NSQ), GAMMA (NSO), WT(NSQ)

COMMON /KAH2/ 
COMMON /KAH3/ 
LEVEL 2, VOL, 
COMMON /KAH4/ 
LEVEL 2, SPD, 
COMMON /KAH6/ 
COMMON /KAH7/

RSEDIT 2
COM D 2
COMD 3
COMD 4
COMD 5
COMD 6
COMD 7
COMD 8
COMD 9
COMD 10
COMD 11
COMD 12
COMD 13
COMD 14
COMD 15
COMD 16
COMD 17
COMD 18
COMD 19
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C
C
C
C

1 RHOHNSG)
LEVEL 2 * CV T 
COMMON /K AH8/ CVTINXQ)
LEVEL 2* RCEN, XCEN# YCtN> 
COMMON /TEMPCH/ RCEN(NXO),

1 MUP(NXO), MVP(NXQ),
P* ANGVEL. Tf

ANGVEL^

MV P » VRO 
i YCEN(NXQ), MI P ( NX 0 )

AIR MU
E(NXQ), UP(NX Q ) >

MVT(NXQ), ROL(NXQ),

MIP, MUP>
.. XCEN(NXQ)

VRO(NXQ)
LEVEL 2> WP, ANGVEL. T BODY. ADIA, AIR MU 
COMMON /iWRL/ WP(NXQ). ANGVEL. TBDDY. ADIA,
COMMON /R SC/ RC(NXQ), UREL(NXQ), VREL(NXQ),

1 VP(NXQ), PL(NXQ ), MP(NXQ), UG(NXQ), VG(NXO),
2 Q(NXQ)

COMMON /RSC 1/ ABDC, GX, GY, STROKE, RPM,
1 00), DIM AX, ILIM, X MU 0, RPR. RSC, DISS, XIGNIT,

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, C A PDTH,
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, UMAX, LAMZER.
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NY P, NX,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL,
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ 

COMMON /MARGON/ TV(4), TC<9), SPDV(4,NSQ),
COMMON /CHEME/ AN(NSG,NERQ), BN(NS 0,NERQ ) ,

BS(NERQ), CS(NERO), OS(NERQ),

COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD

1 , AS(NERQ),
2 OEQ(NERQ)

INTEGER AN, BN, CN 
COMMON /RAMCHM/ RwT(NSQ),

NELEM(NRQ), AE(NSQ,NRQ),
), CB(NRQ), EB(NRQ), '

RDSDP(l), RMV(l)
(UG,RDSDP), (RMV.E) 

REAL MC, MP, MV, MVT, LAMZER, MIP,

1
2 i,

DIMENSION 
EQUIVALENCE

COMD
VPISTON, YPISTON, YPISTUCOMD 

WORK, NYMAX COMD
CAPDR, CYL, DX, COMD 

LPR, NAME(8), COMD 
NXP, NUMIT, OM,C OMD 

T, TWLFTH, COMD 
. _ _ COMD
SPDC(9,NSQ) COMD
CN(NSQ,NERQ), NL M(NERQ)COMD 
ES(NERQ), PROG(NERQ), COMD

COMD
COMD

BM(NSQ,NPG), CM(NSQ,NRQ), COMD 
EF(NRQ), ZETAF(NRQCOMD

AM(NS 0,NRQ),
BE(NSQ,NRQ), CF(NRQ), . .

ZETAB(NRQ), TCUT, DOMEGA(NRQ), OR(N R Q)

MU P, MVP
+ + + 
+ + + 
+ + + 
♦ + ♦

PRINTED OUTPUT 
IK*0, PRINTS U,VJ OTHERWISE, PRINTS UL,VL

L P R1 * 0 
L PR2 *0
IF (LPR.GT.l.AND.LUN.EQ.6) LPR1-1 
IF (LPR.GT.0.AND.LUN.EQ.12) LPR2=1 
LINES=99 
DO 50 J =1,NYP

COMD 
COMD 
COMD 
COMD 
RSEDIT 
RSEDIT 
RSEDIT 
RSEDIT 
RSEDIT 
RSEDIT 
RSEDIT10 
RSEDIT11 
RSEDIT12 
RSEDIT13

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45
46
47
48

4
5
6
7
8 
9
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I J= <J-l ) * N X P 41 RSEDIT14
DO 40 I *1» NXP RSEDIT15
IF (IK.EQ.O) GO TO 1C RSEDIT16
UU*UL(IJ) RSEDIT17
VV-VL(IJ) RSE0IT18
WW=WL(IJ) RSEDIT19
GO TO 20 RSEDIT20

10 UU*U(IJ) RSED1T21
V V » V < I J ) RSEDIT22
WW=W(IJ) / RSEDIT23

20 CONTINUE RSEDIT24
IF (LINES.IT.56) GO TO 30 RSEDIT25
UNESCO RSEDIT26
IF (LPR1.GT.0) WRITE (6>110) NAME RSEDIT27
IF (LPR1.GT.0) WRITE (6,130) T,NCYC RSEDIT28
IF (LPR2.GT.0) WRITE (12,110) NAME RSEDIT29
IF (LPR2.GT.0) WRITE (12,130) T,NCYC RSEDIT30
IF (LPR1.GT.0) WRITE (6,120) RSEDIT31
IF (LPR2.GT.0) WRITE (12,120) RSEDIT32

30 CONTINUE RSEDIT33
IF (LPR1.GT.0) WRITE (6,100) I,J,X(IJ), Y(IJ),UU,VV,SIE(IJ),RO(IJ) RSEDIT34

1 ,WW,P(IJ),TEM(lJ),VOL(IJ),XMU(IJ) RSEDIT35
IF (LPR2.GT.0) WRITE (12,100) I,J,X(IJ) ,Y(IJ),UU,VV,SIE(IJ),R0(IJ)RSEDIT36

1 ,WW,P(IJ),TEM(IJ),VOL(IJ),XMU(IJ ) RSEDIT37
LINES*LINES4l RSEDIT38
IJ3IJ+l RSEDIT39

40 CONTINUE RSEDIT40
50 CONTINUE RSEDIT41

IF (NSP.LE.l) GO TO 90 RSEDIT42
+ 4 + RSEDIT43
+ 4 + SPECIES OUTPUT RSEDIT44
444 RSEDIT45

IF (LPR1.GT.0) WRITE (6,140) RSEDIT 46
IF (LPR2.GT.0) WRITE (12,140) RSEDIT47
DO 80 J = 1,NY RSEDIT48
IJ»(J-l)*NXP RSEDIT49
DO 70 I=1,NX RSEDIT50
IJ*IJ4l RSEDIT51
DO 60 K=l,NSP RSEDIT52

60 TSPD(K)=SPD(IJ»K)/RQ(IJ) RSEDIT53
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C
C
C
C

70
80
90

♦ + + 
♦ 4 +

100
110
120

IF (LPR1.GT.0)
IF (LPR2.GT.0)
CONTINUE
CONTINUE
CONTINUE
IF (LPR2.GT.0)
RETURN

FORMAT BLOCK

RRITE (6,150) I,J,(TSPD(K),K»1,NSP) 
WRITE (12,150) I , J,(TSPD(K),K = 1,NSP)

CALL ADV (1)

FORMAT
FORMAT
FORMAT

(1X,I3,1X,I3,1X,1P4E11
(1H1,8A10)

3,2E10.3,E11.3,4E10.3)

R5EDIT5A
RSEDIT55
RSEDIT56
RSEDIT57
RSEDIT58
RSEDIT59
RSEDIT60
RSEDIT61
RSEDIT62
RSEDIT63
RSEDIT64
RSEDIT65
RSE0IT66

(1H0,2X,1HI,3X,1HJ,6X,1HX,10X,1HY,10X,1HU,10X,1HV,10X,3HSIERSEDIT67 
1 ,7X,3HRH0,9X,1HW,9X,1HP,7X,3HTEM,7X,3HV0L,7X,3HXMU) RSEDIT68

130 FORMAT (3X,2HT = ,1 PE 12.5,IX,6HCYCLE = ,I 5) RSEDIT69
140 FORMAT (1H1,10X,22HSPECIES MASS FRACT IONS//5X,1HI,4X,1HJ,6X,1H1,10RSEDIT70

1 X,1H2,10X,1H3,10X,1H4,10X,1H5,10X,1H6,10X,1H7,10X,1H8,10X,1H9,10XRSEDIT71
2 ,2H10 ) RSEDIT72

150 FORMAT (IX,215,1P10E11 .3/(12X,10E11.3)) RSE0IT73
END RSEDIT74

SUBROUTINE TAPIN TAPIN 2
PARAMETER (NXQ*700, NR Q = 3, NS0 = 12, NE R Q = 6) COMD 2
COMMON X(NXQ), R(NXQ), Y(NXO), P(NXQ) COMD 3
COMMON /HKRAM/ EK(51,NSQ), NRE, NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD 4

1 EPSCHM COMD 5
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD 6
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD 7
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD 8
LEVEL 2, PSD, DELP COMD 9
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD 10
LEVEL 2, XMU, COND, TEM, HK COMD 11
COMMON /KAH 1/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD 12
COMMON /KAH2/ RG(NXQ), SIE(NXQ), NDUMP COMD 13
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 14
LEVEL 2, VOL, MV, MC COMD 15
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COMMON /KAH*/ VOUNXQ)# MV(NXQ), MC(NXQ) COMD
LEVEL 2 > SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ), SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMl(NSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MOP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIR MU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /R SC 1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTUCOMD
1 00), OTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NA ME(8), COMD
2 NCLAS T, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SwIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TVU), TC(9), SPDVU,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERG), CN(NSQ,NE RQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), OS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NS Q,NR Q), BM(NSQ,NRQ ) , C M(NS Q,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NPQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRG), EB(NRQ), ZETAB(NRQ), TCUT, DQMEGA(NRQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG,RDSDP), (R MV,E) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD

C +++ TAPIN
C ♦++ DUMP TAPE INPUT FOR PROBLEM RESTART TAPIN
C TAPIN

READ (7) NDUMP TAPIN
WRITE (6,30) NR TAPIN
WRITE (12,30) NR TAPIN
WRITE (59,30) NR TAPIN

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

4
5
6
7
8
9

10



. 128 IF (NDUMP.6Q.NR) GO TO 10 
WRITE (6>40) NDUMP>NR 
WRITE (12 > 40) NDUMP,NR 
WRITE (59,40) NDUMP,NR 
CALL EXIT 

10 CONTINUE
READ (7) X,R,Y,P,PSD,DELP 
READ (7) XMU,COND,TEM,HK 
READ (7) RQ,SIE 
READ (7) U,UL,V,VL 
READ (7) VOL,MV,MC 
READ (7) SPD,SPM,CVT
READ (7) RC,UREL,VREL,E,UP>VP,PL,MP,UG,VG,MVT,ROL,Q
READ (7) AZMOM,WORK,CAPDTH,CAPDR,CYL,DX,DT,DY,DTSAV,ILNGPI,LPR

1 ,NAME»NYMAX, NCYC,NR,NSP,NY,NYP,NX,NXP,NUMIT,OMCYL,PI,RADMOM
2 ,RDXMAX,SIXTH, T, TWLFTH,TOUT,UTMAX, VMAX, WORT,XCONV, XCONVZ, YCONV
3 ,YCONVZ

READ (7) A9DC,GX,GY,STROKE,RPM,VPISTON,YPISTON,YPIST,DTMAX
READ (7) W P,W,W L
DO 20 J = 1,NY
DO 20 1*1,NX
IJ*(J-1)*NXP+I
DELP(IJ)“0.

20 CONTINUE 
RETURN

30 FORMAT (/1X,16HWANT DUMP NUMBER,15)
40 FORMAT (1X,19HWR0NG DUMP NUMBER -,2I6)

END

TAPIN 11 
TAPIN 12 
TAPIN 13 
TAPIN 14 
TAPIN 15 
TAPIN 16 
TAPIN 17 
TAPIN 18 
TAPIN 19 
TAPIN 20 
TAPIN 21 
TAPIN 22 
TAPIN 23 
TAPIN 24 
TAPIN 25 
TAPIN 26 
TAPIN 27 
TAPIN 28 
TAPIN 29 
TAPIN 30 
TAPIN 31 
TAPIN 32 
TAPIN 33 
TAPIN 34 
TAPIN 35 
TAPIN 36 
TAPIN 37 
TAPIN 38 
TAPIN 39

SUBROUTINE TAPOUT TAPOUT 2
PARAMETER (NXQ*700, NRQ = 3, NSQ*12, NERQ = 6) COMD 2
COMMON X(NXQ), R(NXO), Y(NXQ), P(NXQ) COMD 3
COMMON /HKRAM/ EK(51,NSQ), NRE, NCHEM, HTFORM(NSO), XKD, OMGCHM, COMD 4

1 EPSCHM COMD 5
LEVEL 2# YL, FL, NCHOP, DYCHOP, FCHOP COMD 6
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COMMON /CHOP/ YKIOG), FL(10G,N$Q)> NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXG), DELP(NX3) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /K AH1/ XMU(NXQ), CUND(NXO), TEMlNXG), HK(NSQ) COMD
COMMON /KA H2/ RO(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXG), UL(NXQ), V(NXG), V'L(NXQ), w(NXQ), WL(NXO) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXQ), MC(NXO) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAHfe/ SPD(NXQ,NSQ), SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAM 1(NS Q), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD 

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, RP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SvkRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), U°(NXQ), COMD

1 VP(NXQ), PL(NXQ ), MP (NXQ ) , UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC 1 / A3DC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 DO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NA M E(8 ), COMD
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ*NERQ ) * CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, 8N, CN COMD
COMMON /RAMCHM/ RWT(NSQ), A M(NS Q,NR Q), BM(NSQ,NRQ), C M(NS Q,NR Q), COMD

1 NELEM(NRQ), AE(N5Q,NRQ), BE(NSQ,NRQ), CFINRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD

7
e
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26 
27 
26
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
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C ♦♦♦ 
C ♦■*• +
c ♦♦♦

EQUIVALENCE (UG»RDSDP), (RMV»E) 
REAL MC> MV> MVT» LAMZER> MIP,
DATA NDUMP /0/

DUMP TAPE OUTPUT

REWIND 7 
NDUMRsNDUMP+l 
WRITE (7) NDUMP 
WRITE (7)
WRITE (7)
WRITE (7)
WRITE (7)
WRITE (7)

X,R,Y,P,PSD,DELP 
XMU,COND,TEM,HK 
RO.SIE 
U,UL,V,VL 
VOL,MV,MC

MUP, MVP
COMD 47 
COMD 48 
TAPOUT 4 
TAPOUT 5 
TAPOUT 6 
TAPOUT 7 
TAPOUT 6 
TAPOUT 9 
T AP0UT10 
T AP0UT11 
TAP0UT12 
T AP0UT13 
TAP0UT14 
TAP0UT15

WRITE (7) SPD,SPM,CVT
WRITE (7) RC,UREL,VREL,E,UP,VP,PL,MP,UG,VG,MVT,RGL,Q
WRITE (7) AZMOM,WORK,CAPDTH,CAPDR,CYL,DX,DT,DY,DTSAV,ILNGPI,LPR

1 , NAME, NYMAX,NCYC,NR,NSP,NY,NYP,NX,NXP,NUMIT,OMCYL,PI,RAD MOM
2 , RDXMAX, SIXTH,!, TWLFTH, TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV
3 ,YCONVZ

WRITE (7) ABDC,GX,GY,STROKE,RPM,VPISTON,YPISTON,YPIST,DTMAX 
WRITE (7) WP,W,WL 
WRITE (6,10) NDUMP,NCYC 
WRITE (12,10) NDUMP,NCYC 
WRITE (59,10) NDUMP,NCYC 
CALL EXIT 

C
10 FORMAT (IX,19HT APE DUMP COMPLtTED,14,3X,7HCYCLE =,I5)

END

TAP0UT16 
TAP0UT17 
TAP0UT18 
TAP0UT19 
TAP0UT20 
TAP0UT21 
T AP0UT22 
T AP0UT23 
TAP0UT24 
T AP0UT25 
T AP0UT26 
TAP0UT27 
TAP0UT28 
T AP0UT29 
TAP0UT30

SUBROUTINE TEMPER TEMPER 2
PARAMETER (NXQ*700, NRQ=3, NSG*12, NfcRQ=6) COMD 2
COMMON X(NXQ), R(NXQ), Y(NXC), P(NXQ) COMD 3
COMMON /HKRAM/ EK(51,NSQ>, NRE, NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD 4

1 EPSCHM COMD 5
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD 6
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COMMON /CHOP/ YL (100 ) t FL(100,NSQ)» NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAMI/ XMu(NXQ), COND(NXG), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RQ(NXQ), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXG), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHA/ VOL(NXQ), MV(NXQ), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXG,NSQ), SPM(NXG,NSQ) COMD
COMMON /KAH7/ GAMl(NSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSG), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVI(NxQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXO), MIP(NXQ), COMD

1 MUP(NXG), MVP(NXQ ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXG), UREL(NXQ), VREL(NXG), E(NX Q), UP(NXO), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXO), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NC L AS T, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGUN/ TVU), TC(9), SPDVU,NSQ), SPDC(9,NSG) COMD
COMMON /CHEME/ AN(NSG,NERQ), BN(NSG,NERQ ) , CN(NSQ,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(HERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ R WT (NSQ), AM(NS Q,NRQ), BM (NSQ,NRQ), CM(NS Q,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRU), ZETAF(NRQCOMD
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD

7
8
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46



132 EQUIVALENCE (UG,RUSDP), (R MV * t ) COMD 47
REAL MC» MP» MV# MVT# LAMZER# MIP# MUP# MVP COMD 48

♦ ♦♦ TEMPER 4
COMPUTE CVT# THE TOTAL SPECIFIC HEAT TEMPER 5

++ + TEMPER 6
DO 60 J = 1# NY TEMPER 7
IJ = U-1)*NXP TEMPER 8
DO 50 I = 1# NX TEMPER 9
IJ*IJ+l TEMPER10
IF {TEM(IJ).GE.5000.) GO TO 70 TEMPER11
IT=0.01*TEM(IJ) TEMPEP12

10 CONTINUE TEMPER13
EHI*0. TEMPER14
EL0=0. TEMPER15
DO 20 K = 1# N S P TEMPERlfc
ELO*ELO+SPD(IJ»K)*EK(IT+1»K) TEMPER17
EHI*EHI+SPD(IJ#K)»EK(IT+2#K) TEMPER18

20 CONTINUE TEMPER19
ELO=ELO/RO(IJ) TEMPER20
EHI«EHI/RQ(IJ) TEMPER21
IF (SIEdJ J.LE.EHI) GO TO 30 TEMPER22
IT* I T + l TEMPER23
IF (IT.GT.49) GO TO 70 TEMPER24
GO TO 10 TEMPER25

30 CONTINUE TEMPER26
IF (SIE(IJ) .GE.ELO) GO TO 40 T EMPER27
IT*IT-1 TEMPER28
IF (IT.LT.O) GO TO 70 TEMPER29
GO TO 10 TEMPER30

40 CONTINUE TEMPER31
FR*(SIE(IJ)“ELO)/(EHI-ELO) TEMPER32
TEM(IJ ) = (FLOAT(IT)+FR)*100• TEMPER33
CVT(IJ )«(EHI-EL0)*0.01 TEMPER34

50 CONTINUE TEMPER35
60 CONTINUE TEMPER36

RETURN TEMPER37
70 CONTINUE T EMPER3b

WRITE (59# 30) NCYC#I#J#TEM(IJ)#SIE(IJ ) #IT TEMPER39
WRITE (12 # 80) NCYC#I#J#TEM(IJ),SIE(IJ)#IT TEMPER40
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WRITE (6,60) NCYC>I>J»TEM(IJ)>SIE(IJ)»IT TEMPERAl
CALL EXIT T£MPER^2

c TEMPERAS
80 FORMAT (1 X^4HTEMPE RATURE OVERFLOW IN TEMPER# C YC LE > I» J # T =» 31 5# TEMPER4<» 

1 1PE13.W1X#6HSIE#IT#E13.4»I5) TEMPERAS
cNn TEMPERA6

SUBROUTINE TIMSTP
PARAMETER (NXQ = 700» NRQ=>3# NSQ=12» NERQ = 6)
COMMON X(NXQ ) # R(NX Q)# Y(NXQ), P(NXQ)
COMMON /HKRAM/ EK(5l#NSQ)» NRE# NCHEM, HTFORM(NSQ) #

1 EPSCHM
LEVEL 2# YL# FL# NCHOP# DYCHOP# FCHOP 
COMMON /CHOP/ YL(IOO)# FL(100#NSQ)# NCHOP# DYCHOP,
COMMON /BLK/ ITMIN# NOL# NOR# NOB# NOT# ANC 
LEVEL 2# PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ)
LEVEL 2# XMU# COND# TEM, HK
COMMON /KAH1/ XMU(NXQ)# COND(NXQ)# TEMINXQ)#

RO(NXQ)# SIE(NXQ), NDUMP
U(NXQ ) # UL(NXQ)# V(NXQ)# VL(NXQ)# W(NXQ)# 
MV# MC
VOL(NXQ)# MV(NXQ ) # MC(NXQ)
SPM
SPD(NXQ#NSQ), SPM(NXQ#NSQ>
GAM1 (NSQ ) # TSPD(NSQ)# CV(NSQ), GAMMA(NSQ)#

XKD# OMGCHM#

FCHOP

HK(NSQ)

WL(NXQ)

WT(NSQ)

COMMON /KAH2/
COMMON /KAH3/
LEV^L 2# VOL#
COMMON /KAMA/
LEVEL 2# SPD,
COMMON /KAH6/
COMMON /KAH7/

1 RHOKNSQ)
LEVEL 2# CVT 
COMMON /KAH8/ CVT(NXQ)
LEVEL 2# RCEN# XCEN, YCEN# MIP# MUP# MVP# VRO 
COMMON /TEMPCH/ RCEN(NXQ)> XCEN(NXQ), YCEN(NXQ)#

1 MUP(NXQ)# MVP(NXQ), VRO(NXQ)
LEVEL 2# WP# ANGVEL# TBDDY# ADIA# AIRMU
COMMON /SWRL / WP(NXQ), ANGVEL# TBDDY# ADIA# AIRMU
COMMON /RSC/ RC(NXQ)# URtL(NXQ)# VREL(NXG)# E(NXQ)# UP(NXQ)#

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ)# VG(NXQ)# MVT(NXQ)# ROL(NXQ)

MIP(NXQ)

TIMSTP 2 
COMO 2 
COMD 3 
COMD A 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 1A 
COMD 15 
COMD 16 
COMD 17 
COMD 18 
COMD 19 
COMD 20 
COMD 21 
COMD 22 
COMD 23 
COMD 2 A 
COMD 25 
COMD 26 
COMD 27 
COMD 28 
COMD 29
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NLM(NERQ)COMD 
COMD 
COMD 
COMD

2 Q(NXQ) COMD
COMMON /RSC1/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD 

1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD
COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD

1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NA ME(8), COMD
2 NCL AST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, QM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV14), TC(9), SPDV(4,NSQ), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ), C N(NS Q,NE RQ

1 , AS(NER Q), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ),
2 QEQ(NEPQ)

INTEGER AN, BN, CN
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ,NRQ), 8M(NSQ,NRQ), CM(NSQ,NRQ), COMD

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOME GA(N RQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l)
EQUIVALENCE (UG,RDSDP), (R MV,E)
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP

C + + +
C ++♦ COMPUTE THE NEW TIMt STEP, DT
c

UTMA X*-l.E + 20
IF (NUMIT.LT.ITMIN.AND.NCYC.GT.3) DTMAX=1.02*DTMAX 
DTDIF=1.E+200 
DTCHEM*!.E + 2 50 
DTS0ND-1.E+250 
DO 20 J = 1,NY 
IJ»( J-D+NXP + l 
I JP*IJ+NXP 
DO 10 1=1,NX
IPJ=IJ+l 
IPJP=IJP+1
A=1./AMAX1(ABS(X(IPJP)-X(IJ)),ABS(X(IPJ)-X(IJP)))
B = 1./AMAX1(ABS(Y(IPJP)-Y(IJ)),ABS(Y(IJP)-Y(IPJ)) )
ATR*X(IPJP)+(Y(IJP)-Y(IPJ))-X(IPJ)*(Y(IJP)-Y(IPJP))-X(IJP)+(Y(IPJPTIMSTP20 

1 )-Y(IPJ)) TIMSTP21
ABL=X(IPJ)*(Y(IJP)-Y(IJ))+X(IJP)*(Y(IJ)-Y(IPJ))+X(IJ)*(Y(IPJ)-Y TIMSTP22 

1 (UP)) TIMSTP23
AREA = 0.5*(ATR + ABL ) TIMSTP24

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

COMD 46 
COMD 47 
COMD 48 
TIMSTP 4 
TIMSTP 5 
TIMSTP 6 
TIMSTP 7 
TIMSTP 8 
TIMSTP 9 
TIMSTP10 
TIMSTP11 
T IMSTP12 
TIMSTP13 
TI MS T PI 4 
TIMS TP 15 
TIMSTP16 
TIMSTP17 
TIMSTP18 
TIMSTP19
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DIAG2=AMAX1((X(IJ)-X(IPJP))**2+(Y(IJ)-Y(IPJP))**2,<X(IPJ)-X(IJP))*TIMSTP25
1 *2+(Y(IPJ)~Y l IJP ) )**2 )

AB*AREA*AREA/DIAG2
XXMU»XMU<IJ)*AMAX1{1.33B»«PR#RSC)/kO(IJ>
DTDIF»AMIN1(DTDIF^AB/AMAX1(XXMU#1.E-100))
UU*A*AHAX1(ABS(UREL(IJ))#ABS(UREL(IPJ))>ABS(UREL(IJP))»ABS(UREL 

1 (IJP+1)))
VV»B*AMAXl(ABS(VRfcL(IJ))»ABS(VREL(IPJ))iABS(VREL(IJP))>ABS(VREL 

1 (IJP+1)))
UTMAX=AMAX1(UTMAX, UU>VV)
IJ-IPJ 
I JP = IJP + 1 

10 CONTINUE 
20 CONTINUE

IF (UTMAX.EQ.0. ) UTMAX = AZF AC 
IF (NCYC.EQ.O) RETURN 
DTDIF=DTDIF*0.4 
DTCON=AZFAC/UTMAX
DT»AMIN1(1.1*DTSAV,DTCON,OTMAX,OTDIF,DTCHEM)
ILIM *1HB
IF (DT.EO.l.l + DTSA)/) ILIM*1HG
IF (DT.EQ.DTCON) ILIM=1HC
IF (DT.EQ.DTDIF) ILIM*1HD
IF (DT.EQ.DTMAX) IUM = 1HM
DTSAV=DT
RETURN
END

TIMSTP26 
TIMSTP27 
TIMSTP28 
TIMSTP29 
T IMSTP30 
TIMSTP31 
TIMSTP32 
T IMSTP33 
TIMSTP34 
TIMSTP35 
TIMSTP36 
T IMSTP37 
TIMSTP38 
TIMSTP39 
TIMSTP^O 
TIMSTP41 
TIMSTP^2 
TIMSTP43 
TIMSTP<»4 
TIMSTPV5 
TIMSTP46 
TIMSTP47 
TIMSTP48 
T IMSTP49 
TIMSTP50 
TIMSTP51

SUBROUTINE UNDRUP
CALL GFR80 (1 HU,7HCONCHAS,7,3H105,5HT3LDC,^HKEEP) 
CALL GRPHLUN (12'
CALL LIB4Q20 
CALL GRPHFTN 
CALL SETFLSH 
RETURN 
END

UNDROP 2 
UNDROP 3 
UNDROP 4 
UNDROP 5 
UNDROP 6 
UNDROP 7 
UNDROP 8 
UNDROP 9



136 SUBROUTINE VELPLT (IK) VELPLT
PARAMETER (NXQ=700, NRQ= 3^ NSQ«12> NERQ = 6) COMD
COMMON X(NXQ), R(NXQ), Y(NXO), P(NXO) COMD
COMMON /HKRAM/ EK(51»NSQ)> NRE, NCHEM, HTFORM(NSQ), XKD, OMGCHM, COMD

1 EPSCHM COMD
LEVEL 2, YL, FL, NCHOP, DYCHOP, FCHOP COMD
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP, DYCHOP, FCHOP COMD
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC COMD
LEVEL 2, PSD, DELP COMD
COMMON /PTRIAL/ PSD(NXQ), DELP(NXQ) COMD
LEVEL 2, XMU, COND, TEM, HK COMD
COMMON /KAril/ XMU{NXQ), COND(NXQ), TEM(NXQ), HK(NSQ) COMD
COMMON /KAH2/ RQ(NXU), SIE(NXQ), NDUMP COMD
COMMON /KAH3/ U(NXQ), UL(NXQ), V(NXQ), VL(NXQ), W(NXQ), WL(NXQ) COMD 
LEVEL 2, VOL, MV, MC COMD
COMMON /KAHW VQL(NXQ), MV(NXC), MC(NXQ) COMD
LEVEL 2, SPD, SPM COMD
COMMON /KAH6/ SPD(NXQ,NSQ ) , SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMKNSQ), TSPD(NSQ), CV(NSQ), GAMMA(NSQ), WT(NSQ), COMD

1 RHOKNSQ) COMD
LEVEL 2, CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL 2, RCEN, XCEN, YCEN, MIP, MUP, MVP, VRO COMD
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), YCEN(NXQ), MIP(NXQ), COMO

1 MUP(NXQ), MVP(NXQ), VRO(NXQ) COMD
LEVEL 2, WP, ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /SwRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VREL(NXQ), E(NXQ), UP(NXQ), COMD

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXQ) COMD

COMMON /R SC 1 / ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 DO), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NC LAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9), SPDV(4,N$C), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ), CN(NSQ,NERQ), NLM(NERC)COMD 

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(N£RQ)> ES(NERQ ), PROG(NERQ), COMD

2
2
3
4
5
6
7
6
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
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2 QEQ(NERQ) COMD 41
INTEGER AN* 6N, CN COMD 42
COMMON /RAMCHM/ Rw T(NSQ)* AM(NSC*NRO)* BM(NSQ*NRC)» CM(NSQ*NRQ)* COMD 43 

1 NELEM(NRQ)* At(NbQ*NRQ), B f(NS 0* NR Q)* CF(NRQ), EF(NRQ)* ZETAF(NRQCOMD 44
2 )* CB(NRQ), tB(NRU)* ZETAB(NRQ), 

DIMENSION RDSDP(l)* RMV(l) 
EQUIVALENCE (UG#RDSDP)* (RMV* E) 
REAL MC* MP* MV* MVT* LAMZER*

C ♦+ +
DATA VSCALfc /!./

C + + +
C ♦++ DRAW THE VcLOCITY VECTOR PLOT
C ■*■ + +

IF (VMAX.EQ.O) GO TO 70 
YMIN-l.E+250 
XMIN*1•E+250 
DO 10 I=1»NXP 
DO 10 J =1,NYP 
IJ*(J-l)*NXP+I 
XMIN*AMIN1(X(IJ),XMIN)
YMIN = AMIN1(Y(IJ)* YMIN)

10 CONTINUE
DROU=VSCALE/UTMAX 
CALL ADV (1)
DO 60 J =1*NYP 
IJ»(J-1)*NXP+1 
I JP = IJ + NXP 
DO 50 I = 1 * NX P 
XA*X(IJ)
YA*Y(IJ )
IF (IK.EQ.l) GO TO 20 
UU*U(IJ)
VV*V(IJ)
GO TO 30 

20 UU*UL(IJ)
VV = VL( IJ )

30 CONTINUE
IX1=(XA-XMIN)*XCONV 
IYl«950.0-(YA-YMIN)*YCONV 
1X2*IX1+UU+DROU*XCONV

TCUT* DOMEGA(NRQ) * QR(NRQ) COMD 45
COMD 46 
COMD 47

MUP* MVP COMD 48
VELPLT 4 
VELPLT 5 
VELPLT 6 
VELPLT 7 
VELPLT 8 
VELPLT 9 
VELPLT10 
VELPLT11 
VEL PLT12 
VELPLT13 
VELPLT14 
VELPLT15 
VELPLT16 
VELPLT17 
VELPLT18 
VELPLT19 
VELPLT20 
VELPLT21 
VELPLT22 
VELPLT23 
VELPLT24 
VELPLT25 
VELPLT26 
VELPLT27 
VELPLT28 
VELPLT29 
VELPLT30 
VELPLT31 
VELPLT32 
VELPLT33 
VELPLT34 
VELPLT35



138 IY2=IY1-VV*DRUU*YC0NV VELPLT36
IF (I.GT.NOL.AND.I.LE.NOR.AND.J.Gc.NOB.AND.J.LT.NOT) GO TO 40 VELPLT37
IF <MAX0(IX1*IY1*IX2#IY2).GT.1023) GO TO 50 VELPLT38
IF (MINOdXl* IY1# IX2#IY2) .LT.O) GO TO 50 VELPLT39
CALL ORV (1X1,IY1,IX2,IY2) VELPLT 40
CALL PLT (IX1,IY1,42) VEL PL T41

40 CONTINUE VELPLT42
50 I J*IJ + l VELPLT43
60 CONTINUE VELPLT44

CALL LINCNT (61) VELPLT45
WRITE (12,140) T,NCYC,VMAX VELPLT46

70 CONTINUE VELPLT47
♦ + ♦ VELPLT48
+ + + CALL THE CONTOUR PLOTTING ROUTINE VELPLT49
♦ + + VELPLT50

CALL CONTUR (1,0,NX,NY,P,X ,Y,T,NCYC) VELPLT51
CALL CONTUR (2,0,NX,NY,R0,X,Y,T,NCYC) VELPLT52
CALL CONTUR (3,0,NX,NY,SIE,X,Y,T,NCYC) VELPLT53
DO 80 J-l,NY VELPLT54
I J*(J-l)4NXP VELPLT55
DO 80 1=1,NX VELPLT56
I J = IJ + l VELPLT57

80 MP(IJ)=TEM(IJ) VELPLT58
CALL CONTUR (6,0,NX,NY,MP,X,Y,T,NCYC) VELPLT59
DO 90 J = 1,NY VELPLT60
IJ=(J-1)*NXP VELPLT61
DO 90 1=1,NX VELPLT62
IJ*IJ+l VELPLT63

90 MP(IJ)=XMU(IJ) VELPLT64
CALL CONTUR (7,0,NX,NY,MP,X,Y,T,NCYC) VELPLT65
IF (SWIRL.LT.0.5) GO TO 110 VELPLT66
DO 100 1=1,NX VELPLT67
DO 100 J = 1,NY VELPLT68
IJ *(J-l)*NX P + I VELPLT69
MP(IJ)=0.25*(W(IJ)+W(IJ+1)+W(IJ+NXP+1)+W(IJ+NXP)) VELPLT70

100 CONTINUE VELPLT71
CALL CONTUR (4,0,NX,NY,MP,X,Y,T,NCYC) VELPLT72

110 CONTINUE VELPLT73
IF (NR,LT.l.AND.NRE.LT.1) RETURN VELPLT74
DO 130 K = 1,NSP VELPLT75
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DO 120 J*1* NY 
IJ=(J-l )*NXP 
DO 120 1*1,NX 
IJ*IJ+l

120 MP(IJ)*$PD(IJ»K)/RO(IJ)
CALL CONTUR (5,K,NX,NY,MP,X,Y,I,NCYC)

130 CONTINUE 
RETURN

140 FORMAT (1X,3HT =,IPE14.6,2X,7HCYCLE *,16»2X,6HVMAX *,E12.4) 
END

\/ELPLT76 
VELPLT77 
VELPLT78 
VEL PLT79 
VELPLT80 
VELPLT81 
VELPLT82 
VELPLT 83 
VELPLT84 
VELPLT85 
VELPLT36

DYCHOP, FCHOP

SUBROUTINE VINIT
PARAMETER (NXQ*700, NRQ*3, NSQ=12» NER«*6)
COMMON X(NXQ), R(NX Q), Y(NXQ), P(NXQ)
COMMON /HKRAM/ EK(51,NSQ), NRE, NCHEM, HTFORM(NSQ), XKD, OMGCHMj 

1 EPSCHM
LEVEL 2, YL, FL, NCHUP, DYCHOP, FCHOP 
COMMON /CHOP/ YL(IOO), FL(100,NSQ), NCHOP,
COMMON /BLK/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSQ(NXQ), DELP(NXQ)
LEVEL 2, XMU, COND, TEM, HK

XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ)
RO(NXQ), SIE(NXQ), NDUMP 
U ( NX 0 ), UL(NXO), V(NXQ), VL(NXO)
MV, MC
VOL(NXQ), MV(NXQ), MC(NXQ)
SPM
SPD(NXQ,NSQ), SPM(NXU,NSQ>
GAMKNSQ), TSPD(NSQ) , CV(NSQ), GAMMA (NSQ ) , WT(NSQ)

COMMON /K AH1/
COMMON /KAH2/
COMMON /KAH3/
LEVEL 2, VOL,
COMMON /KA H4/
LEVEL 2, SPD,
COMMON /K AH6/
COMMON /KAH7/

1 RHOKNSQ)
LEVEL 2, CVT
COMMON /KAH8/ CVT(NXQ)
LEVEL 2, RCEN, XC£N» YCEN, MIP, MUP, 
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ), 

1 MUP(NXQ), MVP(NXQ), VRO(NXQ)

W(NXQ), WL(NXQ)

MVP, VRO 
YCEN(NXQ ), MIP(NXQ)

VINIT 2 
COMD 2 
COMD 3 
COMD 4 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13 
COMD 14 
COMD 15 
COMD 16 
COMD 17 
COMD 18 
COMD 19 
COMD 20 
COMD 21 
COMD 22 
COMD 23 
COMD 24 
COMD 25
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UP(NXQ),
ROKNXQ),

LEVEL 2» WP, ANGVEL, TBDDY, ADIA, AIRNU 
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU 
COMMON /RSC/ RC(NXQ), UREL(NXQ), VRELINXQ), E(NXO),

1 VP(NXQ), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ),
2 Q(NXQ)

/R SCI/ ABDC, GX, GY, STROKE, RPM, VPISTON, YPISTON,
ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX 

AO, AOM, AZMOM, AZFAC, 80, CAPDTH, CAPDR, CYL, DX, COMD
IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD 
NR, NSP, NY, NYP,

RDXMAX,

COMMON 
1 00), DTMAX, 

COMMON /RSC2/ 
1 DT, DY,

COMD 
COMD 
COMD 
COMD 
COMD 

YPIST(1C0MD 
COMD

OM,C OMD 
COMD

STROKE, RPM,
RSC, DISS,
AZFAC, 80,

DTSAV, EPS, ILNGPI,
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT,
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH,
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TV(4), TC(9.), SPDV(4,NS0), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERQ), BN(NSQ,NERQ ) , CN(NSC,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEQ(NERQ) COMD

INTEGER AN, 8N, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSG,NRQ)» BM(NSQ,NRQ), CM(NSQ,NRQ), COMD

1 NELEMINRQ), At<NSO,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(I
ZET AB(NRQ), TCUT, DOM EGA(NR Q), QR(NRQ) COMD2 ), CB(NRQ), EB(NRQ),

RDSDP(l), RMV(l)
( R M V , E )

MIP, MUP, MVP
(UG,RDSDP),

MV, MVT, LAMZER,

10

20
30

DIMENSION 
EQUIVALENCE 
REAL MC, MP,
ILNG PI=0 
DO 50 J = 1,NYP 
IJ*(J-1)*NXP+1 
DO 40 1=1,NX 
IF (J.EQ.NYP) GO TO 30 
R0(IJ)=MC(IJ)/VOL(IJ)
DO 10 K*1» NS P 
TSPD(K)=SPD(IJ,K)
CALL EOS (P(IJ),SIE(IJ),IJ) 
PL(I J ) = P(IJ)
ROL(IJ)=R0(IJ)
E(IJ) = SIE(IJ )
DO 20 K=1,NSP
SPM(IJ,K)«SPD(IJ,K)*VOL(IJ)
CONTINUE
VL(IJ)= V(IJ )
UL ( IJ ) *U ( I J )

CM(NSQ,NRQ), ____
EF(NRQ), ZETAF(NRQCOMD

QR(NRQ) --------
COMD 
COMD 
COMD 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT 
VINIT

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20
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WL(IJ)=W(IJ ) VINIT 21
IJ-IJ+1 VINIT 22

40 CONTINUE VINIT 23
UL(IJ)=U(IJ ) VINIT 24
VL(IJ)>V(IJ) VINIT 25
WL(IJ)=W(IJ) VINIT 26

50 CONTINUE VINIT 27
RETURN VINIT 26
END VINIT 29

SUBROUTINE VISC VISC 2
PARAMETER (NXQ*700j NRQ=3> NSQ=12> NERQ=6) COMD 2
COMMON X(NXQ), R(NXO), Y(NXQ)* P(NXG) COMD 3
COMMON /HKRAM/ EK(51^NSQ)> NRE> NCHEM# HTFORM(NSQ)# XKD# OMGCHM# COMD 4

1 EPSCHM COMD 5
LEVEL 2# YL# FL# NCHOP# DYCHOP# FCHOP COMD 6
COMMON /CHOP/ Y L(100) # FL(100#NSQ)# NCHOP# DYCHOP# FCHOP COMD 7
COMMON /BLK/ ITMIN# NOL# NOR# NOB# NOT# ANC COMD 8
LEVEL 2# PSD, DELP COMD 9
COMMON /PTRIAL/ PSD(NXQ)# DELP(NXQ) COMD 10
LEVEL 2# XMU# COND# TEM# HK COMD 11
COMMON /KAH1/ XMU(NXQ), COND(NXQ)# TEM(NXQ)# HK(NSQ) COMD 12
COMMON /KAH2/ ROCNXQ), SIE(NXQ)# NDUMP COMD 13
COMMON /KAH3/ U(NXQ)# UUNXQ), VINXO# VL(NXQ)# W(NXQ)# WL(NXQ) COMD 14
LEVEL 2# VOL# MV, MC COMD 15
COMMON /KAH4/ VOL(NXQ)# MV(NXQ)# MC(NXQ) COMD 16
LEVEL 2# SPD# SPM COMD 17
COMMON /K AH6/ SPD(NXQ#NSQ)# SPM(NXQ,NSQ) COMD 18
COMMON /KAH7/ GAMKNSQ)# TSPD1NSQ)# CV(NSQ)# GAMMA(NSQ)# WT(NSQ)# COMD 19

1 RHOKNSQ) COMD 20
LEVEL 2# CVT COMD 21
COMMON /KAH8/ CVT(NXQ) COMD 22
LEVEL 2# RCEN# XCEN# YCEN# MIP# MUP# MVP# VRO COMD 23
COMMON /TEMPCH/ RCEN(NXQ), XCEN(NXQ)# YCEN(NXQ), MIP(NXQ) # COMD 24

1 MUP(NXQ)# MVP(NXQ)# VRO(NXQ) COMD 25
-LEVEL 2# WP# ANGVEL# TBDDY# ADIA# AIRMU COMD 26

COMMON /SWRL/ WP(NXQ)# ANGVEL# TBDDY# ADIA# AIRMU COMD 27



o 
o 

o 
o 

o 
o 

o
COMMON /RSC/ RC(NXQ), UREL(NXO)# VRtL(NXQ), E(NXQ), UP(NXQ), COMD 28

1 VP(NXQ), PL(NX Q ) > MP(NXQ), UG(NXQ), VG(NXQ), MVT(NX Q)♦ ROL(NXQ)# COMD 29
2 Q(NXQ) COMD 30

COMMON /R$C1/ A3DC» GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD 31
1 00), DTMAX, ILIM, XMUO, RPR, RSC, DISS, XIGNIT, WORK, NYMAX COMD 32

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 33
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD 34
2 NCLAST, NCYC, NFOUT, NPOUT, NR, NSP, NY, NYP, NX, NXP, NUMIT, OM,COMD 35
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD 36
4 TOUT, UTMAX, VMAX, WORT, XCONV, XCQNvZ, YCONV, YCONVZ COMD 37

COMMON /MARGON/ TV(4), TC(9), SPDV(4,NSQ), SPDC(9,NSQ) COMD 38
COMMON /CHEME/ AN(NSQ,NERC), BN(NSQ,NERQ), CN(NSO,NERQ), NLM(NERQ)COMD 39

1 , AS(NERQ), BS(NERQ) , CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD 40
2 QEQ(NERQ) COMD 41

INTEGER AN, BN, CN COMD 42
COMMON /RAMCHM/ R W T(NSQ), AM(NSQ,NRQ), BM(NSQ,NRQ), CM(NSQ,NRQ), COMD 43

1 NELEM(NRQ), AE(NSQ,NRQ), BE(NSQ,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD 44
2 ), CB(NRQ), EB(NRQ), ZETAB(NRQ), TCUT, DOMEGA(NRQ), QR(NRQ) COMD 45

DIMENSION RDSDP(I), RMV(l) COMD 46
EQUIVALENCE (UG,RDSDP), (RMV,E) COMD 47
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD 48

♦ ♦♦ VISC 4
♦+♦ DIFFUSION TERMS FOR ALL EQUATIONS VISC 5
+ + + VISC 6

VISC 7
DEFINE CELL CENTERS, CELL INTERNAL ENERGIES, AND CELL CENTER VISC 8

VISCOSITIES VISC 9
VISC 10

TW0THD=2•/3• VISC 11
HAFDT=0.5*DT VISC 12
DDT *HAFDT*DISS vise 13
SQKD=XKD*XKD/1.4142 VISC 14
DO 20 J-l,NY vise 15
IJP«J*NXP+1 VISC 16
IJ=IJP-NXP VISC 17
DO 10 1=1,NX VISC 18
IPJ=IJ+l VISC 19
IPJP-IJP+1 VISC 20
Xl-X(IPJ) VISC 21
X 2-X(IPJP) VISC 22



29OSIA2X)*((dri)K-(rdI)M)-(TX-EX)*((dPdI)*-(mM))*V3*!Va*5,0*1»IHS = lZId
19OS IA( ( 2A-<7A) *{ (6d<66-3,I 2
09OSIA)I XVWV/(dPI)M-(Ta'66-9 * I)I XVWV/{rdI)N)-(TA-EA)*((^*66-3 *T)IXVWV/ I
65OSI A( PI)M-(2d *66-3*1 JlXVIniV / ( dPdl ) M) ) *( PI )N30d*V3dVd*5*0*ldIMSsidId
950 SI A( ( 2A-^A ) *( EX-TX )-( IA-£A )*(<7X-2X) ) /,2 = V3dVa
15OS IA1AOWO+1AO*(PI)N30X*(ri)N30d
95OSI A( (dPI )A+(dPdI )A+( Pdl )A+ (PI )A)*5Z,,!{ PI) N30A
55OS IA((dPI)X+(dPdI)X+(PdI)X+(PI)X)*S2*»(PI)N30X
^5OSI A((PI) X £50 SIAIDA* * V) / (((TA-EA)*(«?X-2X) + (<7A-2A)*(£X-TX))*(<7n + £n+2n + Tn))*lA3 = Hid
£5OSI A{ in)lQI\fb) / ( l ( IA-£A)*(*7X-2X)+(<7A-2A)*(6X-IX) )♦ £
15OSIA{ VA + £A + 2A + IA)*lA0*5,O-( { *7 A-IA ) * ( T A+ *?A ) ♦ ( TX-V X ) * < Tfmn) ) * (Id + VX ) ♦( 2
05OSIAtEA-^AJ + tVA + EAJ + t^X-EXJ + J^n + en) )#(*7^ + £i)) + ( (2A-EA)*( EA + 2A) + (6X-2X) I
6*OSI A*(£n+2n))*(Ed+2d)+{(IA-2A)*(2A+TA)+(2X-TX)*(2n+in))*(2a+Id))=AXId
B*OS IA<(PinOA + #Z)/((IX-*X)*(TA+*A) *( Id + ^d) + ( VX-£X)*{<;A+ I
LbOSI A£A)*(Vd+£d)+(EX-2X)*(6A+2A)*(£a+2a)+(2X-IX)*<2A+TA)*(Za*Ia))=AAId
9bOS IA( (PDIOA + ’ZJ/t ( (TA-EA)*(<7X-2X) + (<7A-2A)*(£X- 2
5 ^OSI Atx) )*(^n+En+2n+in> tiA0*5*o-(^A-iA) + (^n+Tn) ♦(<7d+rd) + (eA-^A)*(£n+ x

OSI A*70) ♦( £d + Vd) + ( 2A-EA)i(2n+En)*(Ed+2d)+(IA-2A)*(in+2n)*{Id+2d))=XXId
£ VOS IA({pihoa*•V) / ( ( ( TX-^XUdA + ^AJ + t VA-TA)*(in + *n) )*(Td + ^7d)+( 2
2<7OSIAt* X-£ XJ + fEA + 'rAJ + t 6 A-^AJM^n + EO ))*(<?>) + £«) + ( ( £ X-2 X ) *( E A +2A ) + < 2A-E A) I
I<70 SIA*(£n+zn)) *(Ea+2a) ♦{ (zx-ix) + (2A + IA) + ( ia-2A)*( zn+xm *(2a+T»)) «aiq
0^OSI A(PI)A*VA
66OS IA( d PI) A * £A
96OS IA(dPdl)A=2A
16OS IA(Pdl)A«TA
9 £OS IA( PI)n*Vfl
560 SI A(dPi)n=6n
•?£OS IA(dPdi)n=zn
£6OSI A(pdi)n*xn
2£OS IA(PI
t £OSI A(dPI )d=£d
060 S IA(dPdI)d=2d
bZOS IA(Pdl ) d*I»
92OSI A( PI) A^A
L20 SIA( d PI)A *£A
92OSI A(dPdl)A*2A
52OSIA(Pdl )A«IA
V2OSI A( PI ) X*«7X
£ 2OSIA(dPI)X=£X
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144 1 -X 4 ) ) VISC 63
0FFDIG=PIXY*PIXr+PIRT*PIRT+PIZ7*PIZT VISC 64
HIP(IJ)«R0(IJ)*5(IJ) VISC 65
MUP(IJ)=0.5*(X(IPJ)*(Y(IPJP)-Y(IJ))+X(IPJP)*(Y(IJP)-Y(IPJ))+X(IJP)VISC 66

1 ♦(Y(IJ)-Y(IPJP))+X(IJ)*(Y(IPJ)-Y(IJP))) VISC 67
AREA = AMAXl((Xi-X2)**2+(Yl-Yi:)**2> ( X2-X3 )**2+( Y2-Y 3 )**2> (X3- X4)**2+VISC 68

1 (Y3-Y4 )**2t (X<t-Xl )**2 + (Y4-Yl )**2) VISC 69
TIJ=TEM(IJ) VISC 70
XMU(IJ)*XMU0*R0(IJ)+AIRMU*1.457t-05*TIJ*QSQRT(TIJ)/(TIJ+110 . )+SQKDVISC 71

1 *AREA*CSQRT(PIXX*PIXX+PIYY*PIYY+PTH*PTH+2.*0FFDIG)*R0(IJ) VISC 72
COND<IJ)»RPR*XMU(IJ)*CVT(IJ) OUT PQ 8
IJ=IPJ VISC 74

10 IJP=IPJP vise 75
20 CONTINUE VISC 76

+++ SMOOTH OUT THE SGS VISCOSITY OUTPQ 9
ALPHX=50. OUTPQ 10
AL PHY = 50. OUTPQ 11
DO 30 J =1» NY VISC 78
DO 30 1=1,NX VISC 79
IJP=J*NXP+I VISC 80
IJ=IJP-NXP VISC 81
IJM=IJ-NXP VISC 82
IPJ=IJ+1 VISC 83
IMJ=IJ-l VISC 84
IF (I.EQ.l) IMJ = IJ VISC 86
IF (I.EQ.NX) IPJ=IJ VISC 87
IF (J.EO.l) IJ M = IJ VISC 88
IF (J.EQ.NY) IJP=IJ VISC 89
R(IJ ) = (XMU(IJ)+ALPHX+(XMU(IPJ) + XMU( IMJ))+ALPHY*(XMU(UP) + XMU(IJM))VISC 90

1 )/(l.+2.*(ALPHX+ALPHY)) VISC 91
30 CONTINUE VISC 92

DO 40 J = 1,NY VISC 93
IJ*(J-l )«NXP VISC 94
DO 40 1=1,NX VISC 95
IJ=IJ+l vise 96
XMU{IJ)=R( IJ ) VISC 97
CONDIIJ)=RPR+XMU(IJ)*CVT(IJ) VISC 98
RlIJ)=OMCYL+CYL*X{IJ) VISC 99

40 CONTINUE VISC 100
♦ + + VISC 101
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c DIFFUSE SPECIES AND HEAT VISC 102
c SPD IS G/Ci'1**3 AND MIP IS ERGS/CM**3 VISC 103
c +++ VISC 104

DO 210 J = 1^NY VISC 105
DO 200 I = 1» NX VISC 106
IJP=J*NXP+I VISC 107
IJ * IJ P—NX P VISC 108
IJM=IJ-NXP VISC 109
IPJ=IJ+1 VISC 110
IMJ = IJ -1 VISC 111
IPJP*IJP+1 VISC 112

c ♦ + ■► SET UP TEMPORARY ARRAYS FOR THE NINE-POINT DIFFUSION SCHEME. VISC 113
c SCHEMATIC OF NUMBERING SCHEME FOR THE DIFFUSION STENCIL VISC 114
c +++ VISC 115
c ♦+ + C4 C3 C 2 VISC 116
c ♦ •M- V3 V 2 VISC 117
c ♦+ + C 5 C9 = IJ Cl VISC 118
c + + + V4 VI VISC 119
c ♦ + ♦ C 6 C 7 C 8 VISC 120
c ♦+♦ VISC 121

IF (I.EQ.l) GO TO 70 VISC 122
TC ( 4 ) = T C ( 3 ) VISC 123
TC(5)=TC(9 ) VISC 124
TC(6)=TC(7) VISC 125
TC(3) = TC(2 ) VISC 126
TC(9)=TC(1) VISC 127
TC(7 ) = TC(3 ) VISC 128
DO 50 K = 1» NS P VISC 129
SPDC(4»K)=SPDC(3>K) VISC 130
SPDC(5>K)=SPDC(9»K) vise 131
SPDC(6>K)=SPDC(7>K) VISC 132
SPDC(3>K)=SPDC(2>K) VISC 133
SPDC(9»K)=SPDC(1»K) VISC 134
SPDC(7>K)=SP0C(8»K) VISC 135

50 CONTINUE VISC 136
IF (I.EQ.NX) GO TO 100 VISC 137
TC(1 ) = TEM( IPJ ) VISC 138
TC(2)-TEM-(IPJ) VISC 139
TC(8)*TEM( IPJ ) VISC 140
IF (J.LT.NY) TC(2)=TEM(IPJP) VISC 141
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60

70

80

90
100

IF (J.GT.l) TC(8)=TEM(IJM+1) VISC 142
DO 60 K=1*NSP VISC 143
SPDC(1»K)=SPM(IPJ,K)/MC(IPJ) VISC 144
SPDC (2^K)=SPDC(1»K) VISC 145
SPDC(8>K)=SPDC(1#K ) VISC 146
IF (J.LT.NY) SP0C(2»K)«SPM{IPJF#K)/MC(IPJP) VISC 147
IF (J.GT.l) SPDC(8»K)-SPN(IJM+1#K)/PC(IJM+1) VISC 148
CONTINUE VISC 149
GO TO 100 VISC 150
CONTINUE VISC 151
DO 80 KK«1,9 VISC 152
TC(KK)»TEM(IJ ) VISC 153
DO 80 KS1» NS P vise 154
SPDC(KK.K)=SPNIIJ,K)/MC(IJ) VISC 155
CONTINUE VISC 15b
TC(2)3TEM(IPJ) VISC 157
TC(1)=TEM(IPJ) VISC 158
TC(8)*TEH(IPJ) VISC 159
IF (J.LT.NY) TC(3)=TEM(IJP) VISC 160
IF (J.GT.l) TC(7)«TEM( IJM) VISC 161
IF (J.LT.NY) TC(2)=TEM(IPJP) VISC 162
IF (J.GT.l) TC(8)=TEM( IJM + 1) VISC 163
TC(4)®TC(3 ) VISC 164
TC(6)*TC(7) VISC 165
TV(1)=0.25*(TC(5)+TC(6)+TC(7)+TC(9)) VISC 166
TV(2)*0.2i>*(TC(3)+TC(4)+TC(5)+TC(9)) VISC 167
DO 90 K«1*NSP VISC 168
SPDC(2>K)=SPM(IPJ,K)/MC(IPJ ) VISC 169
SPDC(1»K)*SPDC(2»K) VISC 170
SPDC(8,K)=SPDC(2,K) VISC 171
IF (J.LT.NY) SPDC(3/K)=SPM(IJP>K)/MC(UP) VISC 172
IF (J.GT.l) SPDC(7,K) = SPM( IJM,K)/MC(IJM) VISC 173
IF (J.LT.NY) SPDC(2>K)=SPM(IPJP,K)/MC(IPJP) VISC 174
IF (J.GT.l) SPDC(6>K)=SPM(IJM+1,K)/MC(IJM+1) VISC 175
SPDC(4,K)=SPDC(3»K ) VISC 176
SPDC(6,K)=SP0C(7,K) VISC 177
SPDV(1,K)=0.25*(SPDC(5,K)+SPDC{6,K)+SPDC(7,K)+SPDC(9,K)) VISC 178
SPDV(2,K)=0.254(SPDC(3»K)+SPDC(4,K)+SPDC(5,K)+SPDC(9,K)) VISC 179
CONTINUE VISC 180
CONTINUE VISC 181



IZZ D SI A 
022 DSIA 
6T2 0 SI A 
812 OSIA 
<LI 2 DSI A 
9X2 DSIA 
5X2 DSIA 
VX2 DSIA 
£X2 DSIA 
2X2 DSIA 
1X2 DSIA 
0X2 DSIA 
602 DSIA 
802 DSIA 
Z02 DSIA 
902 DSIA 
602 DSIA 
^02 DSIA 
€02 DSIA 
202 DSIA 
X02 DSIA 
002 DSIA 
66X DSIA 
8fcl DSIA 
Z6X DSIA 
96X DSIA 
56X DSIA

((PWI)ONOD+C TI)0N0D)*8 *0 = 1Vi3
3DNI1NQD 021

( >i) XHt( 3AVS-( Xrri )OdS)+HlN3 = HlN3 
(>l)il«a*SV9d + dW3J/X8nS3*(>l)>IH 

(M'z+iDMa + ad+oi'T+iDiia+tad-'D-^ansa 
(XA<]*Aaia-xxa*xai(mwnsa*avi3*Aaj.0H+(x‘n)adS=(x‘ri)adS 

xAav*((>)r6)DadS-(xr5)DadS)-AA0v*((x#e)AadS~(x^)AadS)«AGia 
Axav*((>i'e)Aads-o»'V)AadS)-xxav*((>»«6)DadS-(>irs)DadS)*xaia

(xrrnads=3Avs 
dSN^sX 02x oa 

(ii)ivoxd~9i*ad 
81*11 

dwauic’o^ai 
((rnwai+trujwBD+s’o-dwai

* 0*H1N3
Dsa*((rwnnwx+( rnnwx)*s*o*avi3

{dri)»+(ri)d*wnsa
^eVd+XAO-XAOV 
^EVd+AAQaAAQV 
^SVd+XXO'XXQV 
*eva*Axa*Axav

{XAO*AXO-XXO*AAO)/*X*V£Vd
(dri)x-(ri)x*xAO

(ri)N3DX-(PWI)N3DX=AA0 
(PI)N3DA-(rWI)N3DA*AX0 

(dri)A-(ri)A*xxo
oex 01 09 (lON’ll’r’ONVaON'BOT’ONVdON^Oa*!) 31

<76X DSIA 
€6X DSIA 
Z6X DSIA 
X6X DSIA 
061 DSIA 
68X DSIA 
88X DSIA 
Z.8I DSIA 
991 DSIA 
58X DSIA 
V8X DSIA 
£81 DSIA 
281 DSIA

0£X 01 09 (X *03 * I) 31 
S31Vd NOISn33IO 31VinDXVD ♦♦♦ D 

(rmOA/103VH*AaiQH
30NI1N0D OXX

(Ol'felDOdS + OI'ODOdS+Ot'ZJDOdS + Ol'XIDadSJtSZ’O-tX'ZJAOdS 
( (X'8) DQdS + ( X'l) DOdS + ( X‘6) DOdS + ( X'X) DOdS) *52*0=<>t'I) AOdS

(X*2)A0dS=(X,£)AQdS 
(XH) AOdS*( X'V) AQdS 

dSN#X=X OXX 00 
((6)DJ+(£)Di+(2)Dl+{I)Dl)*52*0=(2)Ai 
{(8)D1+(1)Di+(6)D1+(X)D1)*52#0*(X)A1

(2)A1*(£ )A1 
(X)A1MV)A1

147



148 DIDX = (TCCj)-TCm)*4uxX-(TV(4)-Tv(i))*ADXY 
DIDY»(rV(4)-TV(3))*A0YY-(TC(5)-Tt(9))*ADYX
MIP(IJ)=i'1IF(IJ)+tNTH«TtMP + HDTRv*ETAL*RSUM«(DIDX*DXX-DI0Y1fDYX) 

130 CONTINUF
IF (I .LO.NX) GO TO 150
IF (I.tO.NOL-l.AND.J.GF.NOB.AND.J.LT.NOT) GL TO 150 
DXX»XCEN(IPJ)-XCEN(IJ)
DXY*Y(IPJP)-Y(IPJ)
DYY = YCEN{IPJ)-YCcN( IJ)
OYX*X(IPJP)-X(IPJ)
RA12«1./(DXX*DXY-0YY*DYX)
ADXX«=DXX«R A12 
ADXY»OXY+RA12 
ADYY=DYY*RA12 
ADYX =DYX*RA12 
RSUM = R(IPJ) + R( IPJP)
ETAR*0.5*(XMU(IJ) + XMU(IPJ) )*RSC 
ENTH = 0 »
TtMP*0.5*(TEM(IPJ)+TEN!(IJ))
TB*0.01*T EHP 
I T* TB
FP *TB-FLOAT(IT)
DO 140 K«1,NSP 
SAVE*SPD(IJ,K)
DIDX»(SP0C(1#K)-SP0C(9»K)M:A0XY-(5PDV(2>K)-SPDV(1,K) )*ADYY 
DIDY*{SPDV(2»K)-5P0V(1#K))«A0XX-(SPDC(1#K)-SPDC(9>K))*ADYX 
S PD ( IJ> K) =SPD (I J>K ) + HDTl<VJi'er AR^RSUM^tDIDX + OXY-DIDYtDYX ) 
ESUBK»(1.-FR)*E<(IT+1^K)+FR*EK(IT+2#K)
HK(K)*ESU.BK/TEMP + kGAS>*‘RWT(K )
ENTH=ENTH+(SPD(IJ,K)-SAV6)*HK(K)

140 CONTINUE
ETAL = 0.5)MCOND{IJ) + COND(IPJ))
DIDX«(TC(1)-TC(9))*ADXY-(TV(2)-TV(1))*ADYY
DIDY*(TV(2)-T\/(1))*ADXX-(TC(1)-TC(9))*ADYX
MIP(IJ)=M1P(IJ)+ENTH*TF.MP + HDTRV*ETAL*RSUM*(DIDX*DXY-DIDY*DYX)

150 CONTINUE
IF (J.EO.l) GO TO 170
IF (J.EO.NOT.AND.I.GE.NOL.AND.I.LT.NOR) GO TO 170
DX X = XC EN(IJM)-XC6N(IJJ
DXY*Y(IPJ)-Y(IJ)
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DYY*YCEN(IJM)-YCEN{IJ)
DYX *X(IPJ)-X( IJ )
RA41»1./(0XX*0XY-0YY*DYX)
ADXX=DXX*RA41 
ADXY=DXY*RA41 
ADYY=DYY*RA41 
ADY X =DYX*RA41 
R SUM = R(IJ)+R ( IPJ )
ETAR«0.5*(XMU(IJ)+XMU(IJM))*RSC 
ENTH*0.
TEMP*0.5*(TEM<IJM)+TEM(IJ))
TB*0.01*TEMP 
I T*T B
FR*TB-FLQAT(IT)
DO 160 K«1,NSP 
SAVE'SPDlIJ»K)
DIDX=(SPDC(7>K)-SPDC(9,K))*ADXY-(SPDV(1»K)-SPDV(4,K))*ADYY
DIDY-(SPDV(1#K)-SPDV(4>K))*ADXX-(SPDC(7>K)-SPDC(9#K))*ADYX
SPD(IJ,K)=SPD(IJ,K)+HDTR\/tElAR*RSUM*(DIDX*DXY-DIDY*DYX)
ESUBK»(1,-FR)*EK(IT+1#K)+FR*EK(IT+2»K)
HK(K)«ESUBK/TEMP+RGAS*PWT(K)
ENTH=ENTH+(SPD(IJ,K)-SAVE)*HK(K)

160 CONTINUE
ETALS0«6*(C0ND(IJ)+C0ND(IJM)) 
DIDX*(TC(7)-TC(9))*ADXY-(TV(1)-TV(4))*ADYY 
DIDY=(TV(1)-TV(4))*ADXX-(TC(7)-TC(9))*ADYX
MIP(IJ)=MIP(IJ)+ENTH+TEMP+HDTRV*ETAL*PSUM*(DIDX*DXY-DIDY*DYX) 

170 CONTINUE
IF (J.EO.NY) GO TO 190
IF <J.EO.NOB-1.AND.I.GE.NOL.AND.I.LT.NOR) GO TO 190 
DXX*XCEN(IJP)-XCEN( IJ)
DXY=Y(IJP)-Y(IPJP)
DYY = YCEN( UP )-YCEN ( IJ )
DYX=X(IJP)-X(IPJP)
RA23*l./(DXX*DXY-DYY+DYX)
ADXX=RA23*DXX 
ADXY = RA23^DX Y 
ADYY=RA23*DYY 
ADYX*RA23+DYX 
RSUM=R(IJP)+R(1PJP)
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r>

ETAR«0.5*(XMU(IJ)+XMU(1JP))*$SC VISC 302
ENTHsQ . VISC 303
TEMP»0.5*(TEM(IJP)+TEM(IJ)) VISC 304
T8=0.01*TEMP VISC 305
I T = TB VISC 306
FR=T8-FLQAT(IT) VISC 307
DO 180 K = 1>NS P VISC 308
SAVE'S PD(iJ»K) VISC 309
DIDX*(SPDC(3,K)-SPDC{9>K))^ADXY-(SPDV(3,K)-SPDV(2>K))+ADYr VISC 310
DIDY*(SPDV(3>K)-SPDV{2^K))*ADXX-(SPDC(3»K)-SPDC(9,K))*ADYX VISC 311
SPD(IJ>K)aSPD(IJfK)+HDTRV*tTAR*RSUM*(DIDX*DXY-DIDY*OYX) VISC 312
ESUBK=<1.-FR)*E*(IT+1>K)+FR*EK(IT+2,K) VISC 313
HK(K)«tSUBK/TEM?+R6AS*RWT(K) VISC 314
ENTH»ENTH+(SPDaJ#K)-SAVE)*HK(K) VISC 315

180 CONTINUE VISC 316
ETALS0»5*(C0ND{IJ ) + CQND( UP) ) VISC 317
DIDX»(TC(3)-TC(9))*ADXY-(TV(3)-TV(2))*ADYY VISC 316
DIDY»(TV(3)-TV(2))*ADXX-(TC(3)-TC(9))*ADYX VISC 319
MIP(IJ)=MIP(IJ )+ENTHX<TEMP + HDTR V + ETAL + RSUN1*1 (DIDX*DXY-DIDY%DYX) vise 320

190 CONTINUE VISC 321
200 CONTINUE VISC 322
210 CONTINUE VISC 323
+ + + VISC 324
♦ + + EXAMPLE OF A FIXED TEMPERATURE BOUNDARY FOR THE RIGHT SIDE VISC 325
+ + + VISC 326

IF (ADIA.GT.0.5 ) GO TO 230 VISC 327
DO 220 J=1,NY VISC 328
IJ=J*NXP VISC 329
IJM*IJ-l VISC 330
IJ P = IJ +NXP VISC 331
DR=0.5*QSQRT((X(IJ)-X(IJM) )* + 2 + (Y(IJ)-Y( IJM))♦*2 ) VISC 332
AREA»QSQRT({X(IJP)-X(IJ))**2+(Y(IJP)-Y(IJ))**2)*(R(IJ)+R(IJP))*0 •5VISC 333
FLUX = COND(IJM)+(TEM(IJ M)-T BODY ) /DR VISC 334
MIP( IJM) «MIP( IJf1)-DT*FLUX*AR£A/V0L ( I JM) VISC 335

220 CONTINUE VISC 336
230 CONTINUE VISC 337

VISC 338
COMPUTE VERTEX MOMENTA AND VERTEX DENSITIES VISC 339

VISC 340
DO 290 J=1,NYP VISC 341
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IJ*( J-D+NXP 
DO 280 I * 1>NXP 
IJ*IJ+l 
IJM*IJ-NXP
'NUP(IJ)»U(IJ)*MV(IJ)
MVP(IJ)=V(IJ)*MV(IJ)
SUM*0•
SUM1*0•

JM-1
IF (I.EQ.l.DR.J.EQ.l) GO TO 240 
SUM*SUM+RO(IMJM)
SUM1-SUM1+1.

240 IF (I.EQ.l.OR.J.EO.NYP) GO TO 250 
SUM = SUM + R 0(IMJ)
SUM1=SU^1+1.

250 IF (I.EO.NXP.OR.J.EQ.NYP) GO TO 260 
SUM»SUM+RO(IJ)
SUM1* SUM1+1.

260 IF (I.EO.NXP.OR.J.EQ.l) GO TO 270 
SUM=SUM+RO(IJM)
SUM1-SUM1+1.

270 VRO(IJ)*SUM/SUM1 
280 CONTINUE 
290 CONTINUE 

C + + +
C ♦++ MOMENTUM DIFFUSION
C +♦ +

DO 300 J = NYP 
IJ *(J~1)*NXP 
DO 300 1=1,NXP 
IJ=IJ+l
WL(IJ)=WL(IJ)*R(IJ)

300 CONTINUE
TW0THD=2./3.
HAFDT=U.5*DT 
DDT=HAFDT*DISS 
DO 320 J-l,NY 
IJP=J*NXP 
IJ = 1JP-NXP
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152 DO 310 1=1,NX 
IJP«I JP + 1 
IPJP = I JP+1

VISC 332 
VISC 333 
VISC 384

IJ*IJ+1 VISC 335
IPJ=IJ+1 VISC 386
X1=X(IPJ) VISC 387
X2=X(IPJP) VISC 336
X3 = X( IJ P) VISC 389
X 4= X(IJ) VISC 390
Y1*Y (IPJ ) VISC 391
Y2=Y(IPJP) VISC 392
Y3 = Y( I J P) VISC 393
Y4*Y(IJ) VISC 394
R1= R(IPJ ) VISC 395
R2 = R(IPJP ) VISC 396
R 3 = R(IJ P ) VISC 397
R4 = R (I J ) VISC 398
U1=U(IPJ) VISC 399
U2=U(IPJP) VISC 400
U3*U(IJP) VISC 401
U4*U(IJ) VISC 402
V1«V(IPJ) VISC 403
V2= V(IPJ P) VISC 404
V3*V(IJ P ) VISC 405
V4*V(IJ) VISC 406
DIV*((Rl+R2)*((01 + U2)*(Y2-Yl) + (Vl + V2)I*t(Xl-X2)) + (R2+R3):<,{(U2 + U3)* VISC 407

1 (Y3-Y2)+(V2+V3)*(X2-X3))+(P3+R4)*((U3+U4)*(Y4-Y3)+(V4+V3)*(X3-X4)VISC 408
2 )+(R4+Rl)*((U4+U1)*(Yl-Y4)+(V4+V1)*(X4-X1)))/(4.*V0L(IJ)) VISC 409

PIXX*((R2+R1)*(U2+U1)*(Y2-Y1)+(R2+R3)*(U3+U2)♦(Y3-Y2)+(R4+R3)*(U4 VISC 410
1 +U3)*(Y4-Y3)+(R1+R4)*(U1+U4)*(Y1-Y4)-0.5*CYL*(U1+U2+U3+U4)*((XI VISC 411
2 -X3)*( Y2-Y4 )-MX2-X4)* (Y3-Y1 ) ) )/(2.*V0L (I J ) ) VISC 412

P1YY=<(R1 + R2)*(V1+V2)*(X1-X2) + (R2 + R3)*(V2 + V3)’MX2-X3) + (R3 + R4)*(V3 VISC 413
1 +V4)*(X3-X4)+(R4+R1)*(V4+V1)*(X4-X1))/(2.+V0L(IJ)) VISC 414
PIXY*((R1+ R2)*((U1+U2)*(X1-X2) + (V1 + V2)*(Y2-Y1)) + (R2 + R3)*((U2+U3)* VISC 415

1 (X2-X3)+(V2 + V3)*(Y3-Y2)) + (R3 + R4)*((U3 +U4)*(X3-X4) + (V3 + V4)*(Y4-Y3)VI SC 416
2 ) + (R4 + Rl>*((U4 + U1 )+(X4-XD+(V4 + V1)*(Y1-Y4))-0.5*CYL*(Vl + V2 + V3 + V4)VISC 417
3 *<(X1-X3>*(Y2-Y4)+(X2-X4)*(Y3-Y1)))/(4.*VQL(IJ>) VISC 416

PTH *C YL *((Ul+U2 + U3 + U4)*((X1-X3)*(Y2-Y4) + (X2-X4)*(Y3-Y1)))/(4. + V0L VISC 419
1 (U)) VISC 420
RAREA«2./((X2-X4)*(Y3-Yn-(X1-X3)*(Y4-Y2)) VISC 421



T9* DSIA 
09* DSIA 
65* DSIA

dAN'T=r oee og
3DNI1N0D 02£ 
dflNIiNOD OTE

95* DSiA(ri)Aw/((ex-ix)*izid + (TA-eA)=s>iaTd)*(e^ + T«)t5#o*iadvH+(rm^=<rmM 
Z5* DSIA (dPd I) T
95* DSIAAW/ ( (IX-EX)*iZId + (£A-TA)*ldId)*(E>l + Td)*5,0*iadVH+(drdI )TM = (drdI)T« 
55* DSIA (dPI) I
*5* DSIA A W / ( (2X-*X)*iZId+(*A-2A)*ldI<n + (*a + 2>i)*5,0*iadVH*(dri)1«»(dri) 1H 
ES* DSIA (Pdl) I
25* DSIA AW/( (*X-2X)#17Id+( 2 A-* A ) * JLHI d ) * ( *d + 2 d ) * 5 * 0*10 d VH4 ( P d I ) 1 ^ = ( Cd 1)1 M 
IS* DSIA (PI) I
05* DSIA AW/(((EX-TX)*AAId+(IA-EA)*AXId)*(Ed+Td)*5,0)*lQdVH+(PI)1A=(PI)1A 
6** DSIA (dPI) T
9** DSIAAW/(((2X-*X)*AAId+(*A-2A)*AXId)+(2d+*d)*5,0)*i0dVH+(dPI)1A=(dPI)1A 
Lb*/ DSIA (dPdl)AW/ I
9** DSIA (((TX-£X)*AAId+(£A-TA)*AXId)*(Td+Ed)*5*0)*10dVH+(dPdI)1A=(dPdI)1A 
5** DSIA (Pdl) I
*** DSIAAW/(((*X-2X)*AAId+(2A-*A)*A XId)*(*d +2d)* 5•0)* 10dVH+(Pd I)1 A*(Pd I) 1A 
£** DSIA (PI)AW/ I
2** DSIA (Hld-((EX-TX)*AXId+(TA-£A)*XXId)*{£d+Td)*5*0)*iadVH+(ri)in=(ri)1D 
I** DSIA (dPI ) AW/( I
0** DSIAHld-( (2X-*X)*AXId+(*A-2A)*XXId)*(2d + *d)*5*0)*10dVH + (dPI) 1(1= (d PI) ID 
6£* DSIA (dPdl)AW/(Hid- I
9 £* DSIA ((lX-£X)*AXld + (£A-IA)*XXId)*(Td + £d)*5,0)*lQdVH+(dPdI)in=(dPdI)in 
LZb DSIA (Pd!)AW/( T
9£* 3SIAHld-((*X-2X)*AXId + (2A-*A)*XXId)*(*d + 2d)*5 * 0)*10dVH+(PdI)10=(Pd I ) 10 
5£* DSIA (PI)N3Dd*(PI)0WX*lZId = lZId
*£*
££*
2£*
T£*
0£*
62*
92*
LZb
92*
52*
*2*
£2*
22*

OSIA (PI)N3Dd*(PI)nWX*ldId=ldId
OSIA ((TA-EA)*(*X-2X)+(*A-2A)*(EX-TX))*Hid*52*0=Hid
OSIA (AI0*0H10Ml-Hld)*(PI)0WX*1AD*Hid
OSIA AXId*(PI )OWX*AXId
OSIA (Aia*aH10*i-AAId)*(PI)OWX=AAId
OSIA (AI0*0H10^1-XXId)*(PI)0WX=XXId
OSIA (ri)OWX*( (AIG*AIO*aHlP«l-lZId*lZId + l>iId*l»Id+ I
DSIA AXId*AXId)**2+Hld*Hid+AAId*AAId+XXId*XXId)*10a+(PI)dlW=(PI)dIW
OSIA ((*X- T
DSIA 2X)*((dri)^-(PdI)^)-(TX-£X)*((dPdI)M-(PI)M))*V3dVd*5*0*1dIMS=lZId 
OSIA ((?A-*A)*((€d'66-3#I 2
DSIA)TXVWV/(dPI)«-(Td<66-3,t)IXVWV/(PdI)W)-(lA-£A)*((*dcfe6-3*t)IXVWV/ I 
DSIA (pnM-(2d<fc6-3,I)TX\/Wtr/(dPdI)M))*(PI)K>3Dd*V1dVd*5,0*ldI(*S = ldId

153



154 IJ*(J-l>*NXP 
DO 330 I»1,NXP 
IJ*IJ+l
WL(IJ) = WL(IJ)/AMAX1(l.E-99,R(IJ ) )

330 CONTINUE
CALL 8 C (UL,VL,<JL)

c +♦+
C ++♦ CONVERT 8ACK TO SPECIFIC QUANTITIES - SPECIES MASS BECOMES 
C +++ SPECIES DENSITY, INTERNAL ENERGY BECOMES SPECIFIC INTERNAL 
C +++ ENERGY
C ♦ + ♦

DO 360 J = 1,NY 
IJM J-1)*NXP + 1 
DO 350 1=1,NX 
XX = 0.
DO 340 K = 1,NS P 
XX*XX + SPD(1J,K )

340 CONTINUE 
ROL(IJ)=XX 
E(IJ)=MIP(IJ)/XX 

350 IJ*IJ+1 
360 CONTINUE 

RETURN 
END
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SUBROUTINE ZONES
PARAMETER (NXQ=70C, NRQ = 3, NSQM2, NERQ*6)
COMMON X(NXQ), R(NXQ), Y(NXQ), P(NXQ)
COMMON /HKRAM/ EK(51,NSQ), NRE, NCHEM, HTFORM(NSO), XKD, OMGCHM, 

1 EPSCHM
LEVEL 2, YL, FL, NCHQP, DYCHOP, FCHOP
COMMON /CHOP/ YL(IOO), FL(100,NSG), NCHOP, DYCHOP, FCHOP 
COMMON /BL K/ ITMIN, NOL, NOR, NOB, NOT, ANC 
LEVEL 2, PSD, DELP
COMMON /PTRIAL/ PSD(NXQ), DELPtNXQ)
LEVEL 2, XMU, COND, TEM, HK
COMMON /KAMI/ XMU(NXQ), COND(NXQ), TEM(NXQ), HK(NSQ)
COMMON /K AH2/ RO(NXQ), Slt(NXQ), NDUMP

ZONES 2 
COMD 2 
COMD 3 
COMD 4 
COMD 5 
COMD 6 
COMD 7 
COMD 8 
COMD 9 
COMD 10 
COMD 11 
COMD 12 
COMD 13
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C
C
C

COMMON /K AH3/ U(NXQ), UL(NXQ), V(NXO), VL(NXQ), W<NXQ)> WL(NXQ) COMD 
LEVEL 2» VOL # MV» MC COMD
COMMON /KAMA/ VOL(NXQ)* MV(NXQ), MC(NXO) COMD
LEVEL 2» i>PD» S PM COMD
COMMON /KAH6/ S°D(NXQ»NSQ)» SPM(NXQ,NSQ) COMD
COMMON /KAH7/ GAMI{NS Q ) # TSPD(NSO)i CV<NSQ)* GAMMA(NSQ)> WT(NSO), COMD 

1 RHOKNSQ) COMD
LEVEL 2> CVT COMD
COMMON /KAH8/ CVT(NXQ) COMD
LEVEL Zf RCEN, XCEN, YCEN, MIP, MUP, MVP, VPO COMD
COMMON /TSMPCH/ RCEN(NXO), XCEN(NXO), YCEN(NXQ), MIP(NXQ), COMD

1 MUP(NXO), MVP(NXQ), VRO(NXO) COMD
LEVEL 2, WP, ANGV6L, T8DDY, APIA, AIRMU COMD
COMMON /SWRL/ WP(NXQ), ANGVEL, TBDDY, ADIA, AIRMU COMD
COMMON /RSC/ RC(NXQ), UREL(NXQ), VRELINXC), E(NXQ), UP(NXO), COMD

1 VP(NXO), PL(NXQ), MP(NXQ), UG(NXQ), VG(NXQ), MVT(NXQ), ROL(NXQ), COMD
2 Q(NXO) COMD

COMMON /RSC1/ A3DC, GX, GY, STROKE, RPM, VPISTON, YPISTON, YPISTdCOMD
1 00), DTMAX, ILIM, XMUO, RPR, RSC, D1SS, X1GNIT, WORK, NYMAX COMD

COMMON /RSC2/ AO, AOM, AZMOM, AZFAC, BO, CAPDTH, CAPDR, CYL, DX, COMD 
1 DT, DY, DTSAV, EPS, ILNGPI, IREZ, ITMAX, LAMZER, LPR, NAME(8), COMD
2 NCLAST, NCYC, NF OUT, NPOUT, NR, NSP, NY, NY P, NX, NXP, NUMIT, OM,CQMD
3 OMCYL, PEPS, PI, RADMOM, RDXMAX, RGAS, SIXTH, SWIRL, T, TWLFTH, COMD
A TOUT, UTMAX, VMAX, WORT, XCONV, XCONVZ, YCONV, YCONVZ COMD

COMMON /MARGON/ TVK), TC(9), SPDVU,NSO), SPDC(9,NSQ) COMD
COMMON /CHEME/ AN(NSQ,NERO), 3N(NSQ,NERQ ), CN(NS0,NERQ), NLM(NERQ)COMD

1 , AS(NERQ), BS(NERQ), CS(NERQ), DS(NERQ), ES(NERQ), PROG(NERQ), COMD
2 QEO(NERQ) COMD

INTEGER AN, BN, CN COMD
COMMON /RAMCHM/ RWT(NSQ), AM(NSQ,NRQ), 3M(NSQ,NR0), CM(NSQ,NRQ), COMD

1 NEL EM(NR a), AE(NSQ,NRG), B E(NS Q,NRQ), CF(NRQ), EF(NRQ), ZETAF(NRQCOMD
2 ), CB(NRO), EB(NRQ), ZETAB(NRQ), TCUT, DOME GA(N RQ), QR(NRQ) COMD

DIMENSION RDSDP(l), RMV(l) COMD
EQUIVALENCE (UG»RDSDP), (R MV,E) COMD
REAL MC, MP, MV, MVT, LAMZER, MIP, MUP, MVP COMD

+++ ZONES
+++ PLOT THE MESH ON FILM ZONES
+♦+ ZONES

Y MIN = 1.E + 2 50 ZONES
DO 10 J = 1» NY P ZONES

1A
15
16
17
18
19
20 
21 
22 
23 
2A
25
26
27
28
29
30
31
32
33 
3A
35
36
37
38
39 
AO 
Al 
A2 
A3 
AA 
A5 
A6 
A7 
A8

A
5
6
7
8



156 IJ*(J-l)*NXP ZONES 9
DO 10 1=1,NXP ZONES 10
IJ=IJ+1 ZONES 11
YMIN*AMIN1{YMIN,Y(IJ)) ZONES 12
DO 30 J-l,NY ZONES 13
IJ= <J-l)*NXP + 1 ZONES 14
IJP=IJ+NXP ZONES 15
DO 20 1=1,NX ZONES 16
IPJ=IJ+1 ZONES 17
IPJP*IJP+1 ZONES 18
X1»X<IPJ) ZONES 19
Y1=Y(IPJ)-YMIN ZONES 20
X2*X(IPJP) ZONES 21
Y2=Y(IPJP)-YHIN ZONES 22
X3* X(IJ P ) ZONES 23
Y3-Y(IJP)-YMIN ZONES 24
X4=X(IJ) ZONES 25
Y4«Y(IJ)-YM IN ZONES 26
IX1=X1*XC0NV ZONES 27
IY1=950.-Y1*YC0NV ZONES 28
IX2=X2*XCONV ZONES 29
IY2=950»-Y2*YCONV ZONES 30
IX3 =X 3*XC ONV ZONES 31
IY3=950.-Y3*YC0NV ZONES 32
IXA=X^*XCONV ZONES 33
IY^=950.-Y^*YC0NV ZONES 34
CALL DRV <IX4,m,IX3,IY3) ZONES 35
CALL DRV (1X4,IYA,1X1,IY1 ) ZONES 36
IF (I.EO.NX) CALL DRV (IX1,IY1,1X2,IY2 ) ZONES 37
IF (J.EO.NY) CALL DRV (1X2,IY2,IX3,IY3 ) ZONES 38
IJP=IJP+1 ZONES 39
IJ=IJ+l ZONES 40
CONTINUE ZONES 41
CALL LINCNT (61) ZONES 42
WRITE (12,40) T,NCYC,NAME ZONES 43
RETURN ZONES 44

ZONES 45
FORMAT (lX,2HT=,lPtl3.5,lX,6HCYCLfc=,I6,2X,8A10) ZONES 46
END ZONES 47



APPENDIX B

DATA DECK FOR SAMPLE PROBLEM



1 CONCHAS TE
2 NSP
3 NR
4 NFOUT
5 NPOUT
6 LPR
7 ITMAX
8 NX
9 NY

10 NRE
11 EPSCHM
12 OMCHM
13 XKO
14 DX
15 OY
16 XIGNIT
17 SIEI
18 OM
19 PEPS
20 EPS
21 AZFAC
22 NCLAST
23 NOL
24 NOR
25 NOB
26 NOT
27 ITMIN
28 AO
29 BO
30 AOM
31 IREZ
32 LAMZER
33 DTMAX
34 DT
35 CYL
36 ANC
37 R GAS
38 RPM
39 STROKE
40 ABDC

OBI EM 7/20/79

2* 00000000 E-02 
l.OOOOOOOOE+OO 
1*30000000 E-01 
5•23600000E-01 
3.45670000E-01 
5•00000000E-02 
7.43400000E+02 
1.50000000E+00 
1*00000OOOE-O^ 
1 • 00000000E-06 
1

8
1
8

0.01000000E+00 
1* 25000000 £-05 
1.25000000E-05 
l.OOOOOOOOE+OO 
05
8.31430000 E +07 
5.00000000E+03 
9.55 000000 E+00 
1.20000000E+02

ST PR
12

3
10

100
2

100
11
10

6

0.
200

8
12

1
3

18
0.
0.
0.
2

0.



159

41 GX
42 GY
43 XMUO
44 RPR
45 RSC
46 DISS
47 TCUT
48 SWIRL
49 ANGVEL
50 T BODY
51 ADIA
52 AIRMU
53 R HOI
54 GAMMA1
55 WT1
56 HTF1
57 R H02
58 GAMMA2
59 WT2
60 HTF2
61 RH03
62 GAMMA3
63 WT3
64 HTF 3
65 RH04
66 GAMMA4
67 WT4
68 HTF4
69 RH05
70 GAMMAS
71 WT5
72 HTF 5
73 RH06
74 GAMMA6
75 WT6
76 HTF 6
77 R HOT
78 GAMMA7
79 WT7
80 HTF7

0.OOOOOOOD E +00 
O.OOOOOOOOE+OO 
4.00000000E+02 
1.10000000 E + 00 
l.OOOOOOOOE+OO 
l.OOOOOOOOE+OO 
6.00000000E+02 
l.OOOOOOOOE+OO
2.00000000 E +03
4.00000000 E + 02 
1.OOOOOOOOE+OO 
l.OOOOOOOOE+OO 
5.28240000E-04 
1.03000000E+00 
1.14000000E+02

“5.03100000E+01 
1.95100000 E-03 
1.40000000E + 00 
3.20000000E+01 
0.OOOOOOOOE + OO 
8.50200000 E-03 
1.40000000E+00 
2.80000000E+01 
0.OOOOOOOOE + OO 
0.00000000E-05 
1.20000000 E + 00 
4.40000000E+01

-9. 39650000 E+01 
0.OOOOOOOOE + OO 
1.22000000E+00 
1.80000000E+01

-5.71030000E+01 
0. OOOOOOOOE+OO 
1.66670OOOE+OO 
1.OOOOOOOOE+OO 
5.16310000E+01 
0.OOOOOOOOE+OO 
1.40000000E+00 
2.OOOOOOOOE+OO 
O.OOOOOOOOE+OO



160 81 RH08
82 GA1HA8
83 WT8
84 HTF8
85 RH09
86 GAMMA9
87 WT9
88 HTF9
89 RH010
90 GAMA10
91 who
92 HTF10
93 RH011
94 GAMA 11
95 Will
96 HTF11
97 RH012
93 GAMA12
99 WT12

100 HTF12
101 C FI
102 EF1
103 ZETAF1
104 CB1
105 EB1
106 ZETAB1
107 AMI 2
108 BM1 0
109 AE 1 1.
110 0.
111 BE 1 0.
112 0.
113 CF2
114 EF2
115 ZETAF2
116 CB2
117 EB2
118 ZETAB2
119 AM2 0
120 BM2 0

O.OOOOOOOOE+OO 
1.66670000E+00 
1.60000000E+01 
5.89890000E+01 
O.OOOOOOOOE+OO 
1.66670OOOE+OO 
1.40000000E+01 
1.12520000E+02 
O.OOOOOOOOE+OO 
1.40000000E+00 
1.70000000E+01 
9.28900000E + 00 
O.OOOOOOOOE+OO 
1.40000OOOE+OO 
2.80000000E+01 

-2.72000000E+01 
O.OOOOOOOOE+OO 
1.40000OOOE+OO 
3. 00000000E+01 
2.14560030E+01
5.00000000 E + 12 
1.57800000E+04 
O.OOOOOOOOE+OO 
O.OOOOOOOOE+OO 
O.OOOOOOOOE+OO 
0.OOOOOOOOE+OO

25 0 0 0
0 0 16 18

1.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0. 000 
7.14000000E + 13 
3.79970000E +04 
O.OOOOOOOOE+OO 
1.50000000E+13 
O.OOOOOOOOE+OO 
O.OOOOOOOOE+OO

0 10 0
0 0 0 0

000
000
000
000

0 0 0 0 0 0 0
0 0 0 0 0 0 0

0.000 0.000 0.000 0.000 0.000
0.000
0.000 0.000 0.000 0.000 0.000
0.000

0 0 1 0 0 0 0
0 0 0 1 0 0 1



161

121 AE2 0.000
122 0.000
123 BE2 0.000
124 1.000
125 C 63
126 663
127 ZETA63
128 C 83
129 683
130 Z6TAB3
131 AM3 0
132 BM3 0
133 AE 3 0.000
134 1.000
135 863 0.000
136 0.000
137 A SI
138 8 SI
139 CSl
140 DSI
141 ESI
142 AN1 0
143 BN1 0
144 AS2
145 BS2
146 CS2
147 DS2
148 ES2
149 AN2 0
150 8N2 0
151 ASS
152 BS3
153 C S3
154 DS3
155 E S3
156 AN3 0
157 BN3 0
158 AS4
159 BS4
160 CS4

0.000 1.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
1.20000000E+10 
2.76 800000 E + 03
1.OOOOOOOOE+OO 
3. 20000000 E +09 
1.967800006+04 
l.OOOOOOOOE+OO 

10 0 0 
0 0 0 0 

1.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.99020700E+00 

-5. 17916000 E + 01 
0.993074006+00 

-0. 34342800E + 00 
0.01116680E+00 

0 0 0 0
0 0 0 0

0.43131000E+00 
-5.96554000E+01 

3. 50335000E + 00 
-0.340016006+00 

0.01587150 E + 00 
10 0 0
0 0 0 0

0.79470900E+00 
-1.13208000E+02 

3.16837000E+00 
-0.44381400E+00 

0.02696990E+00 
0 10 0
0 0 0
-0. 65293900 E + 00 
-9.82320000E + 00 

3.93033000 E + 00

0.000 0.000 0.000 0.000 1.000
0.000
0.000 0.000 0.000 0.000 0.000
1.000

0 0 0
0 0 1

0.000 0.000
0.000
0.000 0.000
1.000

10 0 0 
0 0 0 1 

0.000 0.000 0.000

0.000 0.000 1.000

0 10 0 0 
2 0 0 0 0

0 0 
0 0

0 0 0 
0 0 2

0 0 0 0 
0 0 0 0

0 0 0 0 0 
0 0 0 2 0

0
0

0
0



162 161 DS4 0*16349000 E + 00
162 ES4 - 0* 01428650E+00
163 AN 4 0 1 0 0 0 0
164 BN4 0 0 0 0 0 0
165 ASS 1*15 888200E + 00
166 BS5 - 7.68472000E+01
167 CSS 8.53215500E+00
168 DS5 - 0* 86832 OOOE + OO
169 ESS 0.04634710E+00
170 AN5 0 1 0 0 2 0
171 BN5 0 0 0 0 0 0
172 AS6 0.9808750DE+00
173 BS6 6* 84453000E + 01
174 CS6 - 1.05938000E+01
175 0S6 0* 57426000 E+00
176 ES6 0.04145700E+00
177 AN6 0 1 0 0 0 0
178 BN6 0 0 0 2 0 0
179 NCHOP 10

1
0

0
0

o o

o o

0
0

0 0 0 0 
0 0 2 0

0 0 0 0 0
0 0 4 0 0

0 0 2 
0 0 0

0
0



APPENDIX C

SELECTED OUTPUT FOR THE CONCHAS TEST PROBLEM

163



164 un Tj^N^rnNAi hyopoo/naiics p»ggpamcgncha s

CONCHAS TF.ST P ROUEN r/’T/7T
NSP * 12 NP • 3

NFOUT * 10 NPO'IT * 100
LPR * 2 ITMAX » 100

NX * 11 NY * 10
NR F * 6

EPSCHM • 2 • 00000000 F-02
XKO » 1.300000001-01

OMGCHM » 1.000000001*00
OX # *>2360000 F*00
or .3A567000F+00

XIGNIT 5.0000000 OE-02
SUI 7.A3A00000E+02
OM 1.5000000OE+OO
PEPS l.OOOOOOOOE-OA
EPS 1.00000000E-06

AZFAC 10000
NCLAST * 200

NOL S 8
NOP at 12
NOB • 1
NOT ■ 3

ITMIN ■ 18
AO .30000
80 .10000
AOM .30000
IREZ 2

LAMZER ■ 1.00000000F-02
DTMAX 9 1.2 5000000 F-05

DT W 1.25000000 F-05
CYL 9 1.0000000DF*00

ANC .05000
R GAS 8.31 A 30000E *07
RPM 5•OOOOOOOD F*0 3

STROKE 0.55000000F*00
ABDC 1•20000000 F +02

GX 0.

GY 0.
XMUO A.000000OOF*02

RPR 1. 10000000 F*00
RSC l.OOOOOOOOF+OO

DISS l.OOOOOOOOF+OO
TCUT 6•000 000 00 F + 02

SWIRL 1.000000001*00
ANGVEL 2.000000001*03

TBDDY A•OOOOOOOD E*02
ADIA 1 •000000 OO F *00

AIRMU l.OOOOOOOOE+OO



165

SPECIES U4T4

K
1
2
3t>
5
6
7
8 
9

10
11
12

R HQ I cv GAMMA WT HTFJRM

5.232<.00E-04 2.431082FH07 l.C 3CCOOF*O0 1.140000E.02
l•95100C 1 4.495547E*-06 1.4000001 ,0 J 3.200000E.0l 0.
ri . 502000^-01 7.423482E+06 1.4000004.00 2.800000E + 01 0 .
0. 9.44 BOSBF *08 ] .2000004.00 4•400000E +01 -3.9)l«96E^12

0* 7.099S71E+07 1.2200004.00 1.800000E*01
0. 1.24 7083F.08 1.6667004 *00 1.0000004*00

0. 1.03928PE.08 1.400000E+00 2.0000004*00 0.
0. 7.794?67F*06 1.686700E.00 1 • 40000GF *01

0. 8.907733E.06 L .666700E *00 1.4000004.01 ‘.. 70 7tM7*+12

0. l.222691F.07 1.400000F+00 1.70O000 F +01 3 . ^ 5 1« t ♦ 11
J • 7.421482E+06 1.4001.OPE *00 2.800000E *01 -l.l390«t«iE^12
0. 8.9282H3F.06 L .400000E *00 3•OOOOOOF +01 rt.977i )Ql♦ 11

REACTION DATA

CF,
C8»

K
1
EF,
EB»

ZE I AF 
ZETAB

OR
•016994E+1A 
» S.^lPOnOOTE+lZ
• 0.

!•5 78 00000 E + OA
0.

LHS STOICHIOMETRIC COEFS - 2 25 0 0 0 0 0 0 0 0 0 0
RHS STOICHIOMETRIC COEFS • 0 0 0 16 19 0 0 0 0 0 0 0

FORWARD SPECIES EXPONENTS • 1 .000 
0.000

1.000
0. 000

0.000
0.000

0.000
o.coo

0.000 0.000 0.000 0.000

BACKWARD SPECIES EXPONENTS -

2 -3.137458E+12

0.000
0.000

0.000
0. 000

0.030
0.000

0.000
0.000

o.coo 0.000 0.000 0.000

CF, EF, 
CB, EB,

ZETAF
ZETAB

7.14 COOOOOF +13 
1.50000000EA13

LHS STOICHIOMETRIC COE F R • 
RHS STOICHIOMETRIC COEFS * 

FORWARD SPECIES EXPONENTS

BACKWARD SPECIES EXPONENTS

0
0

0.000
0.000
0.000
1.000

3.79970000E+04
0.

0 0 
0

1. 000 
0.000 
0.000 
0.000

0.
0.

1
0

0.000
0.000
0.000
0.000

0 I 
0 I 
0.000 
0.000 
0.000 
1.000

1
0

0.000
0.000

) 0
1 0
0.000
0.000

0
0

0.000
0.000

1.000
0.000

3 1.342018E+1?
CF, EF, ZETAF « 1.20OOOOOOE+ 10
CB, EB, ZETAB ■ 3.20OOOOOOF,09
LHS STOICHIOMETRIC COEFS -01 
RHS STOICHIOMETRIC COEFS -00 

FORWARD SPECIES EXPONENTS • 0.000
1.000

BACKWARD SPECIES EXPONENTS • 0.000
0.000

2.76800000E-03 
l.96780000FtJ4 

0 0 0 0
0 0 0 0

1.000 0.000 0
0.000 0.000 0
0.000 0.000 0
0.000 0.000 1

l.OOOOOOOOE.OO
1.000000001*00

0 0 1 0
0 1 0 0

000
000

0.000 0.000
000
000

0.000 0.000

0 0
0 1

0.000 0.000
0.000 1.000

EQUILIBRIUM REACTION 1
AS, BS, CS, OS, ES - 9 .90207000'=-01 -5.17916000E+01 9.93074000E-01 -3.43428000E-01 1.11668000E-0’
QEQ • -4.320482034*12 NL M * 2
AN • 0 0 0 0 0 0 1 0 0 0 0 0
BN • 0 0 0 0 0 2 0 0 0 0 0 0
CN ■ 3 7 0 0 0 0 0 0 0 0 0 0

EQUILIBRIUM REACTION 2
AS» BS# CS , os. ES « <» .3131OOOOE-01 -5.96554P00E.0l 3.50 3 35000 F +00 -3.40016000E-01 1.58715000E-0’
QEQ * -4 .93619952E+12 Nil ■ 2
AN ■ 0 1 0 0 0 0 0 0 0 0 0 0
BN ■ 3 0 0 0 0 0 0 2 P 0 0 0
CN ■ 2 R 0 0 0 0 0 0 0 0 0 0



E Q U I L I S R I U - I  R E A C T IO N

o

c-I
C!oooo•o•c

ooolT•/><T>
■NJ

ooor*«£■
■J-

o«UJoooo>

01ooooo

o
01

o©©©njrri
cn>C

oo©o•£)*r

r
l/N

o©
©o

 
o

o©om<
r

•c
© © ©

rr'
O
 O

 O

©O©

o
 o

 ©

©
 ©

 o

oo1TN■r\

CV.I
f« 

O O © 
ir>

O©OiT>
mO

'
ir> 

© © ©
o

x
© © o

cv ©
 O

T(_)©COor-f\i©©oCM<T|(VI
OJr>-©CMitItto
 

•oo2T

t-
C

'<
~

c
'C

'C
'C

'c
 ©

c
©

 
©

c

«NJ f*
c©

o©
©

©
c©

o©
n 

© e
i i t i i i i i i i i 

ii
_< 

u
 

u
 

ij 
(i 

u
 

u
 
ii’ t‘ 

u
 

ii 
in

 
(•' u

r
e
f
v
'"

*
r
-
i
r
f
,

©
a
ii,‘

c
»
»
-’ 

t
r
r

>
 

rr. 
r* 

it- 
©
 

IT
 

C
^C

V
f^->y

a
j c*'

CM
 

<NJ fVJ 
l\J

©
 
o

 o
 
o

+ 
■♦ ♦ 

+
^

 
U

J 
JJ liJ 

-ti
jj 

^
 

J- 
^

^
 

r?' cr- 
rr*

-r 
-J- 

«r

»r 
j' 

,n r- 
x

(V
 <\j 

cv cv
o
 o

 ©
 o

 o
♦ 

♦ 
+ 

♦ 
♦

x> a; 
jj -.u -u 

-J" -J- 'T
 'J’

sr

o* 
o- O

 ^
 «-i

cv 
cv 

cv cv
©

 ©
 

o
 ©

•* 
+ 

♦
 ♦

u
j 

u
j 

u
j u

j
sy 

%y 
-y

x
 

co 
r+) m

V
 

V
 

^
 V

-

©
©

o
o
o
o
o
o
o
o
o
 

o
©

a
. 

l
u

 
l

u
 u

j 
u

j u
j

cv 
cv cv cv cv

OP 
OD ®

 
x

 ®
cv 

<v 'v
 
rv

 <v

UJ UJ UJ UJ UJ UJ
rv cv cv rv cv cv 
©
 x

 x
 ©

 ©
 ©

 
cv cv cv cv rv cv

U
J UJ

cv cv 
©
 ©

 
CV CV

rv
c
v
rv

c
v
c
v
rv

rv
rv

(v
<

v
c
v
©

rv
rv

• G
O

O
O

O
O

O
O

O
O

O
O

-i

rv
c
v
'v

^
fv

fV
'v

c
v
c
v
rv

rv
O

O
O

O
O

C
O

O
O

O
O

©
 

I 
I 

I 
I 

I 
t 

I 
I 

I 
I 

I
X
 

U
- 

U
. LLJ 

U
J U

J 
JJ 

LU U
J U

J U
J U

J
ex 

tr 
n

 a: 
x

x
x

x
x

x
x

®
 

r*- 
<> 

y- 
c
* 
^
 

'y* 
&

 
c
o

o
o
o

o
o
o

o
o
©

cv rv
0

 O
1 

I
UJ U

J 
X
 ©

©
 o

rvo*U
J

Oo©X©rv*-» rv 
I

© © O

O
 CV ©

o
 o

 o

©oocvi-ncvX<J- CO O CV ©

o © ©

o
 ©

 ©

©
V

O

o
 o

 o

©
 o

 o

o
 o

 o

©
C

O

©
 o

 o

V
• 

©
© +
N 

IfN
y
 ©

 
o
 r~ 

ar ©
 

©©

©
©

©
©

©
©

©
©

©
©

©
►

“■
©

©
 

O
O

O
CO

O
O

O
O

O
O
 I o o

co •£} -C O
 G

 -©
 •£>

V
 v

 V
 

V
 v

 V
 

©
©

©
©

©
©

>C 
<£ O

 
<C 

>0 ©
V

 
V

 V
 V

 
V

 
V

 V
©

 
©

 ©
 ©

 
©

 
©

 ©

S
' 

S
 s

 
S
 
S
 S

 S
 s

 s
 -s

 s
 

IS
 LT>

I 
X

U
 

—
I

© y © © ©

—
J 

■

T 
y

u
j ^

j
©
 
7
 

©
 ©

 
I

♦ 
y

LI - _J
©
 
y
 
©
 
©
 ©

I 
y

U
.1 -J

© y © © o

r- 
p- 

©
 C

 ©
v
 ©

 
©
 ©

 c
X

X
 

C- 
O

 o
x
x
 

©
 ©

 o

y t 
© © o

y 
© © ©

o
 -* ©

 ©
t©
 X

 
u

j ©
 

f-
^
 o

c© J> O
 ©

 ©
 

©
 ©V

t©
 

c>
O
 

I 
©

 ©
 ©

to©
 

■
R 

« 
•

•A O
to

 U
J Z

 
Z
 2

* 
<
 O

 <
 ©

 o

(/•l
u

!

U
J

o o o ©
(V

 
i-H

y
 

•. ©
X
 •© CO —

1 O
 

—
 ©

 h-

X
 

• 
•

•-> CO ►«■
—

J <_> 
t 

©
 o

 rv

<_> 
m iu

<
 

©
 O

 O
 O

u
j 

t©
 o

ac 
u_ xx

y
 

•• ©
X

* 
t©

 rv —
i 
o

 x
►—

 
o

 ©
qc. 

eo

i—i c© X
-J

O
 

I 
O
 O

 (V

o<U
J

QC.

O
 ©

 O
 I-I

t©
 rv 

i—
(

'.U
 s

.
r>

•> ©
(©
 X

 ■—i O
 V

 
O
 
X

 
X

to
 ir>

o
 

o
 o

 cv
©oU

J

»
 o

to
 U

J Z
 z

 z
<
 o

 <
 
©
 o

©
 

•>
O
 t©

U
j ©

 
N

*
 o

to
 u

j z
 z

 
<
 ©

 <
 ©

©
 

••
©
 to

U
J X

 
N

« 
■ 

■
%
 ©

to
 U

J Z
 Z

 Z
<
 o

 «
 ©

 o

R
©

©
o

o
©

 ©
o

©
o

o
O

 ©
O

o

y
X

©

'T
y

O
u
-

o
>-

y
pH

o
G

©
y

c
■

rv
©

C
©

o
©

©
c

©
c

0
0

0
0

©
R

z
a.

1
y

<a
a

G
c

©
©

c
o

c
©

e
©

©
c
 o

c
©

X
cv

y
©

©
o

©
c

©
©

o
e

©
©

 ©
©

©
r- e

+
4

-
4

4
4

4
4

4
4

4
4
 

4
4

4
u.

U
u

i
U.'

U-
UJ

UJ
UJ

U
i

LU
UJ UJ

UJ
UJ

u
er,

ft
m

G
r»i

ro
c~

t*i
r»i

G
G

 G
X

X
r«.

r j
V

c
Nt

X
X

X
X

•X
X

X
X

X
 X

o
o

•
•s^

«—
1

i-H
pU

pH
pH

pH
pH

P
-

X
X

to
©

►w 
nU
-

r>-
r-

r-«.
N

-
r-

r-
r-

fH
r>«.

P“ fw
Ch

p
-

UJ
X

y
 
_
i

1—
N

©
_J V

o
©

o
©

O
©

o
O

o
 o

pH
y

©
©

©
 C )

O
o

O
o

o
o

©
©

o
o

 o
o

<z
a

G
1

4-
4

4
4

+
4

4
4

4
 

4
1

tn
•

X
U

l
UJ

UJ
UJ

U
'

U
l

UJ
U

l
LU

<JJ LU
UJ

<
X

©
o

X
X

f»
-H

V
X

rv
X

o
CM

X
 ©

X
a.

J*
ro

V
P

-
a

"J
V

X
T

'
pH

G
 X

G
X

•
■

cv
o

X
o

X
pH

X
i-H

P
-

rv P
-

cv
IX

m
vO

UJ
X

u
.

©
U

t
*«•

-H
»V

rv
G

G
V

V
IP
 X

o
X

a.
—J

H
X

*—
X

<1
to

o
CJ

X
to

3
t**

4
<
 

•
—j

pH
i-H

i-H
i-H

rH
 pH

CV
o

y
X
 ©

oz
 

■
o

 ►
-

CV
G

V
©

X
P

-
©

o
o

pH
 rv

-H
cv

o
pH

pH
 G

166



3 2 1.0*7E+00 7* 50*E*00 0. 0. 5.9*66*09 1.0786-02
* 2 1.571E+00 7.508E+00 0. 0. 5.9*66*09 1.0986-02
5 2 2.099E+00 ?♦50aE*00 0. 0. 5.9*66*09 1.0786-02
6 2 2.618E+00 7• 50 0E♦00 0. 0. 5.9*66*09 1.0786-02
7 2 3.1*2E *00 7•50 PE♦OO 0. 0. 5.9*66*09 1.0986-02
8 2 3.665E+00 7.50PF400 0. 0. 5.9*66*09 1.0786-02
9 2 *.189E*00 7.508E+00 0. 0. 5.9*66*09 1.0986-02

10 2 *.712E+00 T.'jOPE^OO 0. 0. 5.9*66*09 1.0986-02
11 2 5 • 236E + 00 7.50RE+00 0. 0. 5.9*66*09 1.0786-02
12 2 5.760E+00 7•50 PE♦OO 0. 0. -I 0.

1 3 0. 7.854E+00 0. 0. 5.9*66*09 1.0986-02
2 3 5.236E-01 7,H54E>00 0. 0. 5.9*66*09 1.0986-02
3 3 1.0*7E*00 7.P5<»E>00 0. 0. 5.9*66*09 1.0986-02
9 3 1.5716*00 7* 9 5 AF >00 0. 0. 5.9*66*09 1.0986-02
5 3 2.09 *E + 00 7.8 *> AE +00 0. 0. 5.9*66*09 1.0786-02
6 3 2.618E+00 7.05AE^OO 0. 0. 5.9*66*09 1.0986-02
7 3 3.1*2E*00 7•85 Af♦OO 0. 0. 5.9*66+09 1.0986-02
8 3 3.6656*00 7.05 AE♦OO 0. 0. 5.9*66+09 1.0986-02
9 3 *.1896*00 7.h*^ AE^OO 0. 0. 5.9*66*09 1.0986-02

10 3 *. 71 ?E*00 7 • Me> AF +00 0. 0. 5.9*66 *09 1.0986-02
11 3 5.236E+00 7.P5AF*00 0. 0. 5.9*66+09 1.0786-02
12 3 5.760E+00 7•9 5 Ag + 00 0. 0. -I 0.

1 <> 0. B.’OnF^OO 0. 0. 5.9*66*09 1.0786-02
2 5.236E-01 8. ^CE +00 0. 0. 5.9*66*09 1.0986-02
3 <1 1.0*76+00 9.?0 OF +00 0. 0. 5.9*66+09 1.0786-02
<i <> 1.5716*00 8.20 OE♦00 0. 0. 5.9*66*09 1.0986-02
5 2.09*6*00 0.2OOF+OO 0. 0. 5.9*66*09 1.0986-02
6 2.6186*00 8•20 OE *00 0. 0. 5.9*66*09 1.0786-02
7 <i 3.1*26+00 3.20 OE♦OO 0. 0. 5.9*66*09 1.0786-0?
8 A 3.6656*00 3.200F^00 0. 0. 5.9*66*09 1.0786-02
9 *.18 76*00 8.20CF+00 0. 0. 5.9*66*09 1.0786-.0 2

10 <1 *.7126+00 8.?00E+00 0. 0. 5.9*66*09 1.0986-02
11 5.2366*00 8.’OCE+OO 0. 0. 5.9*66*09 1.0986-02
12 5.7606*00 8.200E^O0 0. 0. -I 0.

1 J 0. 8.5A 5E >00 0. 0. 5.9*66*09 1.0986-02
2 5.2366-01 0.5A 5F♦OO 0. 0. 5.9*66*09 1.0786-02
3 5 1.0*76*00 8•5A 5E *00 0. 0. 5.9*66*09 1.0786-02
4 5 1.5716*00 H.5A5E+00 0. 0. 5.9*66*09 1.0(86-02
5 b 2 • 09*6 + 00 d.5A ♦00 0. 0. 5.9*66+09 1.0786-02
6 5 2.6186*00 9.5^5F+00 0. 0. 5.9*66*09 1.0986-02
7 5 3. 1*26*00 B . BA 5^ 4-00 0. 0 . 5.9*66+07 1.0(86-02
8 c. 3.6656*00 0.5 Acc + 00 0. 0. 5.9*66+09 1.0(86-02

CONCHAS TEST P8J3L6M y/?c/7Q

T- 0. CYCL E a n

I
9

J t y U V sit 8 HO

5 *.1896+00 H«riAcFfr90 0. B.9A6E+09 1.0(86-02

10 5 *.7126*00 d«'jAKE + DO 0. 0. 5 • 9 A fc E♦09 1.0786-02

11 5 5.2366+00 B.BAf^+OO 0. 0. 5.OAbf +09 1.0786-02

12 5 5.7606+00 3 . BA +30 0. 0. -1 0.

x h 0. 3.0OJF+OO 0. 0. B.9A6E+09 1.0786-02

2 b 5.2366-01 >*.-mE + oo 0. B.9A6E+09 1.0986-02

3 b 1.0*76*00 d.09 IE♦00 0. 0. B.9A6F +09 1.0786-02

A t 1.5716+00 d.091F+OO 0. 0. 5.9A6E+09 1.0 (86-02

5 6 2.09*6*00 d.*9 1F+00 0. 0. 5.9A6E+09 1.0786-07

6 6 2.6136*00 8.B91E+00 0. 0. 5.9A6E+09 1.0786-02

7 6 3.1*26*00 0 . 09 IF +00 0. 0. 5.9A6E+09 1.0(36-02

6 b 3.6656*00 0.0016+00 0. 0. B.9A6E+09 1.0736-02

9 b *.1876+00 a.09iF+oo 0. 0. B.9A6F+09 1.0(86-02

10 b * .7126 + 00 9.091E+OO 0. 0. B.9A6E+09 1.0786-02

2.09*6*03 2.2826*07 7.*346 + 02 2•3*9;-01 0,
3.1*26*03 2.2826*07 7.*3*6*02 3.31?r-01 o.
*.1896*03 2.2826*07 7.*3*6*02 *.2*56-01 0.
5.2366*03 2.2826*07 7.*3*6*02 5.21’=-01 0.
6.2836*03 2.2826+07 7.*3*6*02 6.1*06-01 0.
0. 2.2826*07 7.*3*6*02 7.10RC-01 0.
0. 2.2826*07 7.*3*6*02 8.0556-01 ?.
0. 2.2826*07 7.*3*6*02 9•003 = -01 9.
0. 2.2826*07 7.*3*6*02 9.9516-01 9.
0. 0. 0. 0.
0. 2.2826*07 7.*3*6+02 *.7336-0? 0.
1.0*76*03 2.2826*07 7.*3*6+02 l.*??6-01 9.
2.09*6*03 2.2826*07 7.*3*6*02 2.3*96-01 0.
3.1*26*03 2.2826*07 7.*3*6*02 3.3176-01 9.
*.1896+03 2.2826*07 7.*3*6*02 *.2*5=-01 9.
5.2366*03 2.2826*07 7.*3*6*02 5.21?c-01 9.
6.2836*03 2.2826*07 7.*3*6+02 6.1*06-01 D.
0. 2.2826+07 7.*3*6 + 02 7.10«=-01 9.
0. 2.2826*07 7.*3*6*02 8.0556-01 0,
0. 2.2826*07 7.*3*6*02 9.0036-01 9.
0. 2.2826+07 7.*3*6 + 02 9.9516-01 9.
0. 0. 0. 3.

0. 2.2826+07 7.*3*6*02 *.7336-02 9.
1.0*76*03 2.2826*07 7.*3*6 + 02 l.*’?=-Ol 9.
2.09*6*03 2.2826*07 7.*3*6+02 2 • 3*9=-01 9.
3.1*26*03 2.2826*07 7.*3*6*02 3.31?=-01 9*
*.1876*03 2.2826*07 7.*3*6+02 *.2*56-01 9.
5.2366+03 2.2826*07 7.*3*6*02 5.21?=-01 9.
6.2336*03 2.2826*07 7.*3*6*02 6.1*06-01 9.
7.3306*03 2.2826*07 7.*3*6*02 7.1036-01 9,
3.3786*03 2.2826*07 7.*3*6*02 8.0556-01 9.
9 .*256+03 2.2826*07 7.*3*6*02 9.0036-01 9.
1.0*76*0* 2.2826*07 7.*3*6*02 9.951=-01 9.
0. 0. 0. 0.
0. 2.2826*07 7.*3*6+02 *.73 3=-0? 0.
1.0*76*03 2.2826*07 7.*3*6*02 l.*?’=-01 0.
2.09*6+03 2.2826*07 7.*3*6*02 2•3*9=-01 9.
3.1*26*03 ?. 2826*07 7.*3*6*02 3.3196-01 n.
*.1896+03 2.2826*07 7.*3*6*0? * .2*56-01 9.
5.2366*03 2.2826*07 7.*3*6*02 5.21?r-0l 9 .
6.2836 *03 2.2826*07 7.*3*6 +02 6.1*0=-01 9,
7.3306*03 2.2826*07 7.*3*6*02 7. 108 = -fU 9 •

w p TEM VOL

B.37BE+03 2.2826*07 7.A3AF.+02 3.055=-0l 9.

^.A25E+03 2.2826*07 7.A3AE+02 9.0036-01 0.

1.0A7E + OA 2.2826*07 7.A3AE+02 9.951=-0l 9.

0. 0. 0. 0.

0. 2.2826+07 7.A3 AE♦02 *.73Q=-0? 9.

1.0A7E4Q3 2.2826+07 7.A3AE+02 l.*??=-01 9.

2.C9AE+03 2.2826+07 7.A3AE+02 2.3*3=-01 9.

3*lA?t+03 2.2826*07 7, A3AE02 3.317=-01 9.

A .1B9E + 03 2.2826+07 7*A3AE+02 *•2*5=-01 9«

B.236F+03 2.2826*07 7.A3AE^02 5.2l?=-01 9.

6.283E+03 2.2826+07 7.A3AE+02 6.1*06-01 9.

7.330E+03 2.2826+07 7*A3AE*02 7.103=-oi 9.

8.370EO3 2.2826*07 7.A3AF+02 3.055=-*l 0.

9.A25E+03 2.2826+07 7.A3AE♦02 9.0036-01 0.
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0 .
7.742E-01 J

13 6 tfl0t-02
0*

1.777F-01
0 ,

7.7426-01 0

11 6 <». B10E-02 1.7776-01
0 .

1 . 777c-0l
0 .

7.7426-01 0

1 7
>1 •

4.8106-02
0.

7.7426-01 0

2 7 4.8106-02
0.

1.7776-01
0 .

7.7426-01 0

3 7 4.810E-02
0.

1.7776-01
0 .

7.742E-01 0

4 7 4.8106-02
0.

1.7776-01
0 .

7.7426-01 0

5 7 4.8106-02
0.

1.7776-01
. o .

7.7426-01 0

b 7 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

7 7 4.8106-02
0.

1.7776-01
0 .

7.7426-01 0

8 7 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

9 7 4.8106-02
0.

1.7776-01
0 .

7.7426-01 0

10 7 4.810E-02
J.

1. 777E-01
0 .

7 .7426-01 0

11 7 4.310E-32
0.

1.777E-01
0 .

7.7426-01 0

1 9 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

2 8 4.810E-02
0.

1.7776-01
0 .

7.742E-01 0

3 8 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

4 9 4,810E-02
0.

1.7776-01
0 .

7.7426-01 0

5 8 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

b 8 4.8106-02
0.

1.777E-01
0 .

7.7426-01 0

7 8 4.810E-32
0.

1.7776-01
0 .

7.7426-01 0

8 8 4.810E-02
0.

1.777F-01
0 .

7.7426-01 0

9 8 4.810E-02
0.

1.7776-01
0 .

7.7426-01 0

Cl





173

CONCHAS TEST P-dlRli'l Wt'IT*

r« i..’500iit:-03 cr;is» i

I J t i U V S IE 8H0
1 1 0. 7. 1906*00 0. 2.15 76 *03 5.9666*09 1.1166-02
2 1 5.236E-01 7.19CC*00 0. 2.157F *03 5.966=*09 1.1366-02
3 1 1.0676+00 7. 1906+00 0. 2 . 15 76*03 5.9666*09 1.1366-02
6 1 1.5716*00 7. 1906*00 0. 2.1576*03 5.906*09 1.1366-02
5 1 2.0966 + 00 7.1906+00 0. 2.15 76*03 5.9676*09 1.1166-02
5 1 2.5186*00 7.1906*00 0. 2.1576*03 5.9686*09 1.1376-02
7 1 3.1626*00 7. 1906*00 0. 2.15 76 *03 5.9676*09 1.1276-02
8 1 3.555E *00 7.1906*00 0. 2.1576*03 5.9666*09 1.0986-02
9 1 6.]*96+00 7.19 OE +00 6. 2.15 76 +03 5.9666*09 1.0986-02

10 1 6.7126*00 7.190F*00 0. 2.1576*03 5.9666 *09 1.0986-02
11 1 5.2366+00 7. 1906*00 0. 2.1576+03 5.9666*09 1.0 386-02
12 1 5.7606+00 7.loo=*00 0. 2.15 76*03 -1 0.

1 2 0. 7.53 56*00 0. 1.1926*03 5.9666*09 1.1186-02
2 2 5.2366-01 7. 53 56*00 2,2166+01 1.1866*03 5.9666*09 1.1186-02
3 2 1.0676*00 7.5356*00 6.5696+01 1.1916*03 5.9666+09 1.1186-02
6 2 1.5716*00 7.5356 + 00 6.3595*01 1. 1836 + 03 5.9666*09 1.1196-02
5 2 2.0966*00 7. 53 56 + 00 9, 1066*01 1.1916+03 5.9666*09 1.1186-02
6 2 2.6186*00 7.53 66*00 8.7676+01 1.1736*03 5.9666*09 1.1196-02
7 2 3.1626*00 7.5156*00 6.7976 *02 9.85 56*02 5.9676*09 1.1176-02
8 2 3.6656*00 7.5356*00 0. 2.15 76*03 5.9666*09 1.0986-02
9 2 6.1896*00 7.5356*00 0. 2.1576*03 5.9666*09 1.09PE-02

10 2 6.7126*00 7.5356*00 0. 2.1576+03 5.9666+09 1.0986-02
11 2 5.2366*00 7.5356*00 0. 2.1576 *03 5.9666*09 1.098E-02
12 2 5.7606*00 7.5356*00 0. 2.1576*03 -I 0.

1 3 0. 7.8n16 *00 0. 6.5116*02 5.9666*09 1.139E-02
2 3 5.2366-01 7.8816 + 00 2.6126*01 6.5656*32 5.9666*09 1.1096-02
3 3 1.0676*00 7. 5816*00 6.9606*01 6.5016*02 5.9666*09 1.1096-02
6 3 1.5716*00 7.8816+00 7.6036*01 6.6076*02 5.9666*09 1.1096-02
5 3 2.0966*00 7.8»16*00 8.5165*01 6.3686*02 5.9666*09 1.1106-02
6 3 2.6186*00 7.8816*00 1.2196+02 6.7236*32 5.9666*09 1.1096-02
7 3 3.1626*00 7.851E+00 -3.3966*01 2.6326*02 5.9676*09 1.1206-02
8 3 3.6556*00 7.8816*00 0. 2.1576*03 5.9696*09 1.1366-02
9 3 6.1895+00 7.8816*00 0. 2.15 76*03 5.9506*09 1.1366-02

10 3 6.7126+00 7.8816*00 0. 2.1576 *03 5.9516*09 1.1366-02
11 3 5.2366*00 7.88 16*00 0. 2.1576*03 5.9686*09 1.1536-02
12 3 5.7606*00 7.8816*00 0. 2.1576*03 -I 0.

1 6 0. 8.7236*00 0. 3.6256*02 5.9666+09 1.1036-02
2 6 5.2366-01 3.27 36*00 2.8236+01 3.5686*02 5.9666*09 1.1036-02
3 6 1.0676*00 8.7736*00 5.9666*01 3.63 66*02 5.9666*09 1.1036-02
6 6 1.5716*00 8.2236*00 7.3266*01 3.5206*02 5.9666*09 1.1066-02
5 6 2.0966*00 3.22 36*00 8.8376*01 3.7506*02 5.9666*09 1.1066-02
6 6 2.6186*00 3.22 36 *00 9.7056*01 2.9806*02 5.9666*09 1.1066-02
7 6 3.1626*00 8.’236 + 00 -1.9996*02 6.0356*02 5.9666*09 1.1106-02
8 6 3.6656*00 8.72 36*00 -2.7626+02 9.6916*02 5.9666*09 1.1166-02
9 6 6.1896*00 8.’7 36 *00 9.1506*01 1.295E+03 5.9666*09 1.1186-02

10 6 6.7126*00 8.27 36*00 1.9366*02 1.0656*03 5.9666*09 1.1236-02
11 6 5.2366*00 8.2? 36*00 -8.90 76*01 1.5556+33 5.9696*09 1.1186-02
12 6 5.7606 + 00 8.’736*00 0. 0. -I 0.

1 5 0. 8.5856*00 0. 1.9176*02 3.9666*09 1.1016-02
2 5 5.2366-01 8.5856*00 2.5776*01 1.9666+02 5.9666*09 l.1016-02
3 5 1.06 7E + 00 8.5656*00 5.2256*01 1.9336*02 5.9666*09 1.1016-02
6 5 1.5716*00 0.5656*00 6.9286*01 ’.0266 02 5.9666*09 1.1016-02
5 5 2.0966*00 8.5655*00 9.5106*01 1.8966*02 5.9666*09 1.1016-02
5 5 2.618E+0J 8.56 56*00 6.6 726*01 2.077=02 5.9666*09 1 . 102 6-02
7 5 3.1676+00 5.5656*00 7.6 796*00 3.20C6+0? 5.9666*09 1•I05C-02
8 5 3.6656*00 3.58 S'1 *00 7.3556*01 5.0716*02 5.9666*09 1.10 71-02

w

0.
0.
0.
1.
0.
0.
c.
c.
0.
0.
t.
0.
0.
1•050F *03 
2.0 20b +0 3 
3.0196*03 

0166*03 
<1.9666 *03 
6.4926*03 
C.
0.
0.
C.
C.
0.
1.1376*03
2.1376*03
3.1696*03
‘..2026*03
5.2686*03
6.2326*03
0.
0.
0.
C.
0.
C.
1.1326*03 
2.1356*03 
3.1666*03 
‘.. 2056 *03 
5.2726*03 
6.1256*03 
7.1376*03 
7.9876*03 
8.9886*03 
9.6706*03 
0.
0.
1.1236*03 
2.1316*03 
3.1626*03 
8.2076 *03 
5.2396*03 
6.2696*03 
7.3836*03

P
2.3516*07
2.3816+07
2.3616*07
2.3616*07
2.3626*07
2.3636*07
2.3836*07
2.2836*07
2.2836*07
2.2836*07
2.2836*07
0.
2.3266+07 
2.3266*07 
2.3266*07 
2.3256*07 
2.3266*07 
2.3266*07 
2.3216*07 
2.2826*07 
2.2826*07 
2.2826*07 
2.2826*07 
0.
2.3066*07 
2.3066*07 
2.3066*07 
2.3066*07 
2.3066*07 
2.3066*07 
2.32 86*0 7 
2.3586*07 
2.3636*07 
2.3596*07 
2.3966*07 
0.
2.2936*07 
2.2936*07 
2.2936*07 
2.2966*07 
2.2966+07 
2.2996*07 
2.3086*07 
2.3196*07 
2.3236*07 
2.3366*07 
2.3256+07 
0.
2.2876*07
2.2876*07
2.2876*07
2.2876*07
2.2896*07
2.2916*07
2.2966*07
2.3006*07

T 6 3
7.6366*02 
7.6366*02 
7.6366*02 
7.6356*02 
7.6356*32 
7 .6366*32 
7.6356*02 
7.6366*02 
7.6366 *02 
7.6366*02 
7.6366*02 
0.
7.6366*02
7.6366+02
7,6366*02
7.6366*02
7.6366*02
7.6366*02
7.6356*02
7.6366*02
7.6366*02
7.6366*02
7.6366*02
0.
7.6366*02 
7.6366 *02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6356*02 
7.6376*02 
7.6386*02 
7.6396*02 
7.6366*02 
0.
7.6366*02 
7.6366*02 
7. 6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7.6376 *02 
0.
7.6366*02 
7.6366*02 
7.6366*02 
7.6366*02 
7. 6366 *02 
7.6166*07 
7. 6366 *02 
7.6366*02

V31
6.7386-0’ 
1.6’lc-01 
2.369=-oi 
3.3166-01 

.2666-01 
5.2116-01 
6.153=-01 

7.1076-01 
8.0566-01 
9.0026-01 

3696-01
0.
6.738P-0’ 
1.6”6-01 
2 . 369C-01 
3.31 ’6-01 
6.266=-01 
5.2l’6-01 
6.1606-01 
7,108=-01 
B.055=-oi 
9.0036-01 
9.9516-01 
0.
6.69’=-02 
1.6086-01 
2.366 =-01 
3.285=-01 
6.2’36-01
5.1616- 01 
5.1006-01 
7.0386-01 
7.9’76-0l 
3.9166-31 
9.8566-01 
0.
6.6976-07 
1.603=-01 
2.366=-01 
3.205:-01 
6.2’3=-0l
5.1616- 31 
8.103=-0l 
7.038=-01 
7. 97’6-Ol 
3.9156-01 
9.356=-01 
0.
6.8O’=-0’ 
1.608=-0l 
2.3666-01 
3.2856-01 
6.2’3=-01 
5. 1616-01 
5.1006-01 
7.038=-31

<8U
6.5066*00 
6.66“E*00 
6.68? E *00 
6.*93 E *00 
6.916E + 00 
6.9’2E*00 
6.913 E *00 
6.536E+00 
6.390E+00 
6.393E*00 
6. 393 E♦00 

-I
6.639£* 00 
6•663 E *00 
6.689E+00 
6.67*E*00 
6.558E+00 
6.768E»00 
6.69 5 E*00 
6.8656*00 
6.71<je*00 
6.757E♦00 
6.6766*00 

-I
6.631E+00 
6.6056*00 
6.3936*00 
6,3936*00 
6.393E+00 
6.550E* 00 
6.3686*00 
6.33?E*00 
5.051E*00 
6.359E♦00 
5.7516*00 

-I
6.6316*00 
6.6056*00 
6.3936*00 
6.3936*00 
6.393E+00 
6.393E+00 
6.550E+00 
6.5306*00 
6.719E *00 
5.073 6 *00 
8.163E+00 

-I
6.6316*00 
6. 605 E *00 
6. 3936*00 
6.3936*00 
6. 3936*00 
6.393E+00 
6.333E+00 
6.393E+00
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CONCHAS TEST iJBlc N T/EO/TT 
T* 1.25O00E-0S CYCLE* 1

I J X Y U V S I F PHO
9 5 A.189E+00 8.565E+00 1.058E+02 5.9715+02 1.1001-02

10 5 A.712E+00 8.56 5E +00 1.38AE+02 7.2976+02 1. 110E-02
11 5 5.236E+00 8.565F + 0Q 3.0255+02 6.95AF+02 1.111E-02
12 5 5.760E+00 8.55 5E + 00 0. 0. -I 0.

1 6 0. 8.90 8E + 00 0. 9.953E+01 1.07OE-02
2 6 5.236E-01 8.90 8E + 00 2.865E+01 9.897E+J1 5.9<»f tf09 1.00OE-02
3 6 1.0A7E + 00 9.90 PE+00 5.0 8 7E + 01 1.0A7E+02 5«9^66409 1.0005-02
A t 1.571E+00 8.90RE+00 7.7295+01 1.05 3E+0? ♦ 09 1.0 1OE-02
5 6 2.09AE+00 9.90 BE +00 8.767E+01 1.121E + J2 5.946E ^09 1.000E-02
6 6 2.618E+00 8.908F+00 8.6335+01 1.350E+02 5 •946r409 1.100F-02
7 6 3.1A2E+00 9.90PF+00 8.275E+01 1.9695 +02 5.946E+09 1.131E-02
8 b 3.665E+00 8.90 fiE +00 1.112E+02 2.60 AE +02 • 946P *09 1.103E-02
9 b A.1B9E+00 8.90 8E + 00 1.7725+02 3.390E+02 5 • 9 46 •: ^09 1.103E-02

10 fc A.712E+00 8. 908F + 0C 1.9AAE+02 3.663E+02 5.946E+09 1.105E-02
11 6 5,236E + 00 8.90 8E + 00 1.755E+02 3.A36L+02 6.949E+09 1.106E-02
12 6 5.760E+00 8•90 RE +00 0. 0. -I 0.

1 7 0. 9.250E+O0 0. 3.52AE+J1 5•94 6E♦0 9 1. OOOE-02
2 7 5.236E-01 9.25 oe + 00 2.953E+01 3.770E+01 5.946E+09 1.0785-02
3 7 1.0A7E + 00 9.25 OE + OO 5.9725+01 A.67AE+01 5.946E+09 1.078E-02
A 7 1.571E+00 9.250E+00 7.A92E+01 5.613F+01 5•946E+09 1.038E-02
5 7 2.09AE+00 9.25OE+OO 9.A33E+01 6.362E + 01 5.9466^09 l•0385-02
6 7 2.618E+00 9.250E+00 1.026E+02 9.3A1E+01 5.946E+09 1.000E-02
7 7 3.1A2E+00 9.250E+00 1.2305+02 1.076F+0Z 5 • 9<»6E +09 1.0305-02
8 7 3.665E+00 9.25 OE + 00 1.3795+02 1.A66E+02 b.946E+09 1.100E-02
9 7 A.139E+00 9.25 OE +00 1.706E+02 1.7A5E+02 b.946F+09 1.101E-02

10 7 A.712E+00 9.250E+00 1 .7 895+02 1.903E+02 6.946E+09 l.102E-02
11 7 5.236E+00 9.25 OE +00 1.673E+02 1.7A1E+02 ‘>.949E+09 1.10AE-02
12 7 5.760E+00 9.25 OE + OO 0. 0. -I 0.

1 6 0. 9.592E+00 0. -A.129E+01 5.946E+09 1.0OOE-02
2 6 5.236E-01 9.592F+00 A.7AAE+01 -1.615E+01 5.946F + 09 1.0385-02
3 8 l .0A7E+00 9.59 2E+00 6.300E+01 6.56AE+00 5.946F.+09 1 .008E-02
A 8 1.571E+00 9.592E+00 8. 966E + 01 2.A7HE+01 5*9468+09 1.018E-02
5 8 2.09AE+0J 9.592E + 00 9.3A5E+01 3.8556+01 5.9461+09 1 .038E-02
b 8 2.6185 + 00 9.592E+00 1. 18A5+02 A.16AE + 01 5.946F+09 1.00BE-02
7 8 3.1A2E+00 9. 59 2c + 00 1. 352E+02 6.02 75 + 3 1 5.946E+09 l .038E-02
8 6 3.66 5E + 00 9.59 2E + 00 1.599E+02 7.3A5E + 01 5.946E+09 1.0OOE-02
9 e A.169E+00 9.5°2E+00 1.780E+02 9.0A 7E+01 5•946F+09 1.OOOE-02

10 e A•712E+00 9.592E+00 1.858E+02 9.62AE+01 4 * 946F +09 1.101E-02
11 8 5.236E+00 9.50 2F +00 1.A59E+02 B.879E+01 5*949E+09 1.1025-02
12 8 5.760E+30 9.5O2E+00 0. 0. -I 0.

1 9 0. 9.935F + 00 n. -1.25AE+02 5.953F+09 1.1005-02
2 9 5.236E-01 9.9 3 6E +80 6.311E+01 -1.236E+02 5.946F+09 1.1005-02
3 9 1.0A7E+00 9.935E+00 1.7735+02 -2.806F+01 5.946E+09 1.0O7F-02
A 9 1.671E+00 9.93 5F+00 7.323E+01 2.72AE+01 5.946E+09 1.0085-02
5 9 2.09A5+00 9.93 5E + 00 1.0A3E+02 5.7AAE+00 5.946E+09 1.038F-02
6 9 2.618E+J0 9.935E+00 1.205E+02 2.265E+01 5.946F+09 1.0385-02
7 9 3.1A2E+00 9.93 5E + 00 1.AA9E+02 2.25AF+01 5.946E+09 1.03BF-02
8 9 3.06 5E +00 9.93 5E + 00 1.6 59 E +02 3.A00F+01 5.946E+09 1.0085-02
9 9 A.loot+OO 9.935E+00 1.3A3E+02 3.655E+J1 6.946F+09 1.OOOE-02

10 9 A.712E+00 9.93 5E + 00 1.903E+02 A.763E+01 5.946F+09 1.1005-02
11 9 5.2 365 + 00 9.93 5F+00 1. 3BAE + 02 A . 96 73 +01 5#949E+09 l.1025-02
12 9 5.760E+00 9.93 5E + 00 0. 0. -I 0 .

1 10 0. 1.0’ PE +01 0. -9.77AE+02 4*?45E+09 1.0675-02
2 10 5.236E-J1 1.02RF+01 A.231E+02 -3.156F+02 5*9471 +09 1.0065-02
3 10 1.0A7E + 00 1.07 PE + 01 7.295E+01 7.503F+01 5.9461+09 1.0 185-02
A 10 1.671E+00 1.0,»f+01 7. 3 795+01 -2.8 9 33+11 5.94/F + 04 1.0375-02

u
b.A03F+03 
9.360E+03 
1•OOb E♦09
0.
0.
1.111E+03 
Z.IZAE+OB 
3.X59E+03 
A*196 E +03 
5.23PE+03 
6.281E+03 
7.332E+03 
E.367E+03 
9.A2AE+03 
1.OOAE+OA 
0.
0.
1.096E+03 
2.117E+03 
3.153E+03 
A.19AE+03 
5.236E+03 
b.261E+03 
7.32AE+03
H. 372E+03 
9.A15E+03 
1•0C7E+0A 
0.
C.
I. 08AE+03 
2.107E+03 
3.1A6E+03 
A•T91E+03 
5. 233E+03 
6.278E+03 
7.323E+03 
8.369E+03 
9.A1SE+03 
l.Ollt+OA 
0.
0.
1 .0S9E+03 
2.089E+03 
3.1A3E+03 
A.1H3E+03 
5.22HE+03 
A.272E+03 
7.3171 +0 3
H. 362F+03 
9.A12E+03
I. O13E+0A 
0.
C.
9.ASEE+02
1.9h6t+03
2.973E+0^

P
2.306E+07 
2.306E+07 
2.310E+07
0.
2.28AE+07 
2.28AE+07 
2 •28AE + 07 
2.28AE+07 
2.285E+07 
2•287E+07 
2.289E+07 
2.292E+07 
2• 293 E +07 
2.296E+07 
2.299E+07 
0.
2.283E+07 
2.283E+07 
2.283E+07 
2.283E+07 
2.283E+07 
2.28AE+07 
2.285E+07 
2.286E+07 
2•28 8 E +07 
2.290E+07 
2.295E+07 
0.
2 .285E+07 
2.283E+07 
2 .282E+07 
2.231E + 07 
2.282E+07 
2 .282E+07 
2.283E+07 
2.2BAE+07 
2.285E+07 
2.237E+07 
2.292E+07 
0.
2.289E+07 
2.286E+07 
2.280E+07 
2 • 282E +07 
2.281E+07 
2.282E+07 
2.282E+07 
2.283E+07 
2.28AE+07 
2.266E+07 
2.271E+07 
0.
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182 CONCHAS Tf ST PTOTUM 7/70/75 
T- 9.06J72F--K C/CL::*

1 J X Y U V SIF R HO
5 10 2 .0958 + 00 1.96“6 + 01 2.1156+03 -1.1198+01 fl.5551+09 2.<»rtU-02
6 10 2.6138+00 1.0565+01 1.3258+03 1.5326+02 a.2251 +09 2.522E-02
7 10 3.1528+00 1.0566+01 9.5176+02 3.2171+02 6.2088+09 ?.5>06c-02
8 10 3.6658+00 1.0668+01 5.1916+07 1.2376+02 8.1376+09 2.‘»85£-02
9 10 5.1896+00 1.0566+01 2.0916+02 3.0856 +02 6. 1 958 + 09 2. Wit-02

10 10 5.7128+00 1.05 88+01 1.2538+02 9.2306+01 8.1856+09 2 • 4b5 Ei-02
11 10 5.2368+00 1.05 86+01 ’.0966+02 2.9598+02 8.2036+09 2.W1E-02
12 10 5.7508+00 1..05 86 + 01 C. 0. -I 0,

1 11 0. 1.0626+01 0. 0. -I 0,
2 11 5.2366-01 1.0826+01 0. 0. -I 0.
3 11 1.0576+00 1.0626+01 0. 0. -I 0.
5 11 1.5716 + 00 1.0626+01 0. 0. -I 0.
5 11 2.0956+00 1.0628 + 01 0. 0. -I 0.
6 11 2.6138+00 1.0626+01 0. 0. -I 0.
7 11 3.1526+00 1.0526+01 0. 0. -I 0.
8 11 3.6658+00 1.0623+01 0. 0. -1 0.
9 11 5.1896+00 1.0628 + 01 0. 0. -I 0.

10 11 5.71 28 + 00 1.0628+01 0. 0. -I 0.
11 11 5.2368+00 1.0628+01 0. 0. -I 0.
12 11 5.7608+00 1.0626 + 01 0. 0. -I 0.

I C 'T
3.2S<5t*02 
<5.02'5t*02 
7.1128+02 
1.1358+03 
8.9928+02 
».7918+02 
5.5208+02 
0.
0.
0.
0.
0.
0.
0.
0.
c.
0.
c.
0.
c.

9 7A 8 +07 
9228+07 
H668 +07 
7958+07 
7518+07 
7388+07 
7138+07

1 .0058 + 03 
9.H128+02 
9.7938+02 
9.7758+02 
9.7828+02 
9.7718+02 
9.7908+02 
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

VOL KNU
1.7S5=-0l 1.0818+01 
2.1558-01 1.1158+01 
2.557--01
2.9398-01 
3.3315-01 
3.7333-01 
5.1153-01
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1.0938+01 
1.071e+01 
1.0588+01 
1.0388+01 
1.0178+01 

-I 
-1 
-I 
-I 
-I 
-I 
-I

-I
-1
-I
-I
-I

I

SP6CIES 99SS

J 1

83 ACTIONS

2 3 5 5 6 7 a 9 10

1 1 2.3128-02 3.9996-0? 3.7528-01 7.7158-02 3.5588-0? -6.0558-09 -6.1356-08 5.7086-07 -5•3138-11 3.38’6-05

2 1
-5.7228-06
3.9958-02

1 ,03 5 6 — 05
1.5908-01 7.7528-01 2.5216-02 1.1608-02 -5.2216-10 -9.2778-09 -3.5098-09 -2.6628-1’ -6.0336-08

3 1

-6.7356-07
5.5566-02

’ .8638-06
1 . +396-01 7.7528-01 7.8378-03 3.6076-03 2.8978-09 5.7598-08 2.5968-07 8.6766-16 5.1616-06

5 1

3.3618-08
5.7078-02

7 .7198-07 
1.7508-01 7.7526-01 3. 1878-03 1.5676-03 1.150E-C9 1.6998-08 8.1298-03 1.2868-1’ 1.1618-06

5 1

1.2266-06
5.7386-02

1 .7558-07 

1.7616-01 7.7526-01 2.2268-03 1 .0258-33 2.6338-10 3.6856-09 1.6966-09 -1.3658-13 2.3076-07

6 1
2.6898-07 

5.7558-02
2.6868-09

1.7538-01 7 . 7528-01 2.0638-03 9.5958-05 3.7901-11 5.1138-10 2.3208-09 -5.0296-1 3 2.8508-08

7 1
3.7578-09 

5.7556-02
2 .8596-09 

1.7536-01 7.7528-01 2•060t-03 9.5828-05 3.2008-1? 5.2138-11 1.9228-10 -5.2126-13 2.3656-09

8 1
3.1068-09 

5.7886-02
1 .8766-10 

1.7896-01 7.7528-01 6.8576-05 3.1568-05 2.5678-13 3.3198-12 1.5538-11 -5.7228-30 1.3736-10

9 1
2.5518-10 

5.7988-02
1 .2236-11 

1.7336-01 7.7528-01 3.9268-05 1.8076-05 1.2988-15 1.6558-13 7.9208-13 -3.3168-31 3.9736-12

10 1
1.2238-11

5.7996-02
5 .3738-13 
l.7738-01 7.7528-01 3.5328-05 1.6598-05 5.2236-lb 6.5798-15 3.2598-15 -2.0158-3’ 3.661F-13

11 1
5.3618-13

5.7998-02
1 .3816-15 

1.7338-01 7.7528-01 3.6208-05 1.6668-05 3.0328-17 2.5318-16 1.3078-15 -1.0366-33 1.560C-15

1 2
1.3698-15

5.5358-03
6 .5076-16 

2.9056-02 7.7528-01 1.2778-01 5.9386-02 2.1758-06 3.1918-05 1.2858-05 1.5608-03 1.5208-03

2 2
2.5018-03

5.2558-03
1 .1608-05 

2.7608-02 7.7528-01 1.3028-01 6.0118-02 1 .0658-06 1.9138-05 8.1138-05 5 .5838-07 1.1526-03

3 2
1.3798-03

3.6518-02
3 .0536-05 
l.3668-01 7.7526-01 3.6108-02 1.6618-02 5.560E-09 1.0138-07 5.5256-07 2.8+78-11 3.0326-06

5 2
7.2628-06 

5.5518-02
5 .1658 -06 

1.6938-01 7.7528-01 8.3008-03 3.8306-33 3.521E-C9 5.3518-08 2.5928-07 5.5638-16 3.9306-06
3.8558-08 9.3518-07
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5 2 <i. 719 8-02
1.210E-06

1.7836-01
1 .6066-97

7.7826-01 2.9726-03

6 > 9•7906-02 
1.925E-07

1.7526-01
1 .7906-08

7.7826-01 2.1726-03

7 2 9.793E-02
1.653E-08

1.7536-01
1 .1586-09

7.7826-01 2.0986-03

8 2 9.772E-02
8•80 3E-10

1.7636-01
8.7756-11

7.7826-01 1.1786-03

9 2 9.776E-02
9. 121E-U

1.7656-01 
l.8326-12

7.7826-01 1.0556-03

10 2 9.778E-02
1.7296-12

1.7556-01
6 .5776-18

3.7826-01 1.0596-03

11 2 9.7756-02
6.671E-15

1. 7686-01
2 .2126-15

7 .7826-01 1.090E-03

1 3 1.159E-03
5.113E-03

1.5196-02
2 .7186-08

7.7816-01 1.3596-01

2 3 1.8856-03 
3.8891-03

1.6886-02
1 .0756-08

7.7826-01 1.3726-01

3 3 1.7596-02
2.7886-05

7.C9PF-02
1.0096-05

7.7826-01 9.3875-02

<. 3 9. 278 F-02
5.5 1 96 - 05

1.5906-01
2.0*8 6-06

7.7826-01 1.5826-02

5 3 9. 5306-02
2 . 13 26-08

1.731 c-01 
3.8836-07

7.7826-01 8.00f)6-0 3

6 3 8. 7376-02 
3.8196-07

l.7516-01
8 .OOFF-O*

7.7826-01 2.2806-03

7 3 8.7826-02
3.1736-08

1.7536-01
2 .88 8 6- 09

7.7826-01 2.1196-03

8 3 8.7806-02
1.7396-09

1.3526-01
9 .9886-1 1

7.7926-01 2.1816-03

9 3 8.7806-02 
7.7896-11

l.7526-01 
3.87«6-l»

7.7826-01 2 • W 8 -u 3

10 3 8.7336-02 
3.5836-12

1.7516-01
1 .3506-1 3

3.7826-01 2.2316-03

11 3 8.7356-02 
1.3806-13

1.7516-01
8.3566-1 5

7.7825-01 2.2955-03

1 * 2.8836-08 
0.9526-03

1 . 3036-02
8 .5876-08

7.7806-01 1.3696-01

2 8.8376-08
3.0836-03

1.8196-0?
1 .7676-08

3.7816-01 1.3796-01

3 7.0116-03 
5.3386-09

3.3856-0?
1 .5576-05

7.7826-01 1.2596-01

9 4 8.0576-02
.2.1336-05

1.5166-01
2 .8616-06

7.7826-01 2.2936-02

5 4 8.6506-02
2.9906-05

1.7206-01
5 .1216-07

7.7826-01 8.9386-03

6 4 8. 7386-02 
5.1986-07

1.7506-01
5 .9936-08

7.7826-01 2.3706-03

7 4 8.7826-02
8 .6166-08

1.7536-01 
3.7756-09

7.7826-01 2.1236-33

8 4 8.7806-02 
2.8286-09

1.7526-01 
1.8756-10

7.7826-01 2.1596-03

9 4 8.7806-02 
1.1226-10

1.75’E-01 
5.2706-12

7.7826-01 2.1566-03

10 4 8. 7386-02 
8.6596-12

1.7516-01
1 .7906-13

7.7826-01 2.2266-03

11 4 8.7376-02 
2.0266-13

1.7516-01
6.8556-15

7.7826-01 2.2896-03

1 5 7.5106-05 
7.6996-03

1.2766-0?
6 .1356-08

7.7396-01 1.3626-01

2 5 5.2986-08 
5.7796-03

1.3855-0?
2 .3526-08

7.7816-01 1.3786-01

1.3A0E-O3 1.1626-09 1.6656-08 7.7286-09 -6.1286-19 1.0586-06

9.997E-04 1.9166-10 2.6256-09 1.1876-08 -1.5716-17 1.8966-07

9.638E-04 1.6916-11 2.2826-10 1.0066-09 -2.8576-19 1.2006-08

5 *42i? E-04 9.2096-13 1.1106-11 5.3936-11 -1.9286-19 6.169C-10

4.055E-O4 8.3876-18 5.5726-13 2.5886-12 -1.1256-20 2.8996-11

4 • 9?1F-04 1.8566-15 2.3266-18 1.1126-13 -5.6076-” 1.2266-12

5.015E-04 7.2786-17 9.0086-16 8.8766-15 -2.6206-23 8. 9916-18

6.504E-02 8.5836-06 6.6676-05 1.5626-08 3.2856-09 1.9526-03

6 • 45 5E-02 3.3856-06 5.1326-05 1.8106-08 2.1906-09 1.73?E-Q 3

4.314E-0? 1.9316-08 8.8136-07 8.8026-06 1.0386-11 1.36?c-08

7.555F-03 5.7026-09 9.3136-08 5.8826-07 1 .0876-1 3 1.l’*F-05

1 .P45F-03 2.0836-09 2.9356-08 1.3686-07 3.9376-17 1.95 ? 6-06

K049F-03 3.7986-10 5.2026-09 2.3376-08 -8.2286-1? ?.9799—07

9 * 75 3 F-04 3 .2 511 -1 1 8.3016-10 1.9136-09 -6.2976-19 2.22’6-OB

9.947F-04 1.8266-12 2.3856-11 1.0506-10 -8.9036-19 1. 1936-09

1•UJ1t-UJ 8.2906-18 1 .0886-12 8.7716-12 -2.5696-20 5.’5?c-tl

1.027F-03 3.9356-15 8.7696-18 2.2816-13 -1.275fc-’l ’.8386-12

1.0«7F-03 1 .8 926-16 1.8306-15 9.9526-15 -5.3896-21 9.5976-18

6.596E-02 6.7206-06 9.1786-05 1.9616-08 5.0076-09 ’.’016-03

6.551F-02 8.5196-06 6.6586-05 1.5816-08 3.0686-09 1.9016-03

5.7«feF-02 8.6376-07 9.2066-06 5.8666-05 2.0526-09 9.58’6-08

1•055E-02 1 .5026-08 3.1856-07 2.0086-05 2.8896-11 3.8706-05

2.273F-03 2.8036-09 8.1616-08 2.0656-07 5.6136-15 3.2016-05

1•091F-03 5.1776-10 7.0R5E-09 3.1886-09 -9.3036-1? 8.1196-07

9 • 770E-04 8.7816-11 6.2516-10 2.7656-09 -1.2526-1? 3.?976-08

9•93P t-04 2.558F-1? 3.2786-11 1.8566-10 -8.2236-19 1 .S5’E-09

9.970E-04 1 .2036-13 1.5096-12 6.8826-12 -8.8286-20 7.5109-11

1.025E-03 5.0666-15 6.2636-18 2.9226-13 -t.962E-’l 3.1876-12

1•044E-03 2.2356-16 2.7236-15 1.3206-18 -9.0236-23 1.8006-13

5.fe04E-02 7.6386-06 1.0106-08 2.1316-08 5.9236-09 ’.3236-03

6.582E-02 5.2386-06 7.5386-05 1.6956-08 3.6596-09 1.9996-03
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1
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8

9
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6

b
6
b
b

7

7

7

7

7

7

7

7

7

7

7

3. 37bfc—03 
1.833E-03

2 . 1268—02
2 .P10E-05

7.792E-01 1.352E-01 6.2688-02 1 .855E-06 2.5126-05 9.3836-05 7.8116-09 1.2986-03

3.839E-02
1.8*6E-05

1.9538-01
3.7878-06

7.7826-01 2.382F-02 1.308E-02 1 .8598-08 2.532E-07 9.5126-07 7.7636-11 1.3576-05

<>.6’0E-02
3.358E-06

1.710E-01
6 .8308-07

7•782E-01 5•36 9E-0 3 2.7018-03 3.1686-09 8.655E-08 2.2536-07 8.7816-18 3.3716-06

b.731E-02 
b.519c-07

1.7996-01
7.8658-08

7.7826-01 2.889E-03 1.1276-03 6.896E-10 8.897E-09 8.0226-03 -1.7996-16 5.7556-07

9. 791E-02 
5.955E-08

1.752E-01
5 .0388-09

7.7826-01 2.130E-33 9.8088-08 6.180F-11 8.0596-10 3.5536-09 -2.8886-1’ 8.7376-08

9.791E“02 
3.1*>3E-09

1.7526-01
1 .9618-10

7.782E-01 2.189E-03 9.8896-08 3.388E-12 8.260E-11 1.8956-10 -1.8376-18 ’.1786-09

9.790E-02 
1.998E-10

1.7526-01
7,1098-12

7,782E-01 2.167E-03 9,973E-08 1.616E-13 2.0136-12 9.0786-12 -7.885E-’0 9.9776-11

9. 739E-02 
6.388E-12

1.752E-01 
2.9188-13

7.7826-01 2.206E-03 1.015E-03 6.9928-15 8.5636-18 3.9816-13 -3.2926-21 8.737“-12

9.737E-32 
3.D52E-13

1.7516-01
9 .8318-15

7.7826-01 2.262E-03 1.081E-03 3.3918-16 8.0986-15 1.9766-18 -1.5966-2’ 7.0676-13

9.8 b7E“0 5 
8.623E-03

1.3116-02
7.5338-08

7.7396-01 1.388E-01 5.5868-02 8.9818-06 1.117E-08 2.8516-08 7.5156-0“ ’.5316-03

9.09b E“09 
6.009E-03

1.3136-02
2 .3296-09

7.781E-01 1.37BE-01 6.596F-02 5.8906-06 7.678E-05 1.7186-08 3.8386-0“ ’.O’lE-03

1.99HE-03
2•892E-03

1.685E-07
8 .886E-95

7.782E-01 1.380E-01 6.882E-02 2.3601-06 3.H75E-05 1.1886-08 1.3676-0“ 1.5116-03

3. 766f-02
2 .b08E-05

1.8106-01
9 .7878-06

7•782E-01 3.2218-02 1.883E-02 2 .0806-03 3.3616-07 9.9836-07 1.1766-10 1.8016-05

9•599c-02 
3.309E-06

1.7036-01 
- .2 708-07

7.792E-01 6.5206-03 3.001E-03 3.502E-09 5.2586-08 2.8626-07 1.8966-15 3.6076-06

9.729E-02 
7.933E-07

1.7936-01
9 .1896-03

7.792E-01 2.500E-03 1.1516-03 7.8336-10 1.0186-00 8.5516-08 -3.3836-16 5.9099-07

9. 7<tlE-'J2

6.830L-08

l.7526-01

5 .3078-09

7.7826-01 2.1336-03 9.8188-08 7.0796-11 9.2336-10 8.0556-09 -8.3166-17 8."059-08

9. 79 1 E-0? 
3.791E-09

1 . 7526 -01 
? .3026-10

7.782E-01 2.1878-03 9.8826-09 3.9886-12 5.0336-11 2.2196-10 -2.3316-1“ ’.8 76 6-09

9.790f-02 
:1.792E-)0

1.7526-01
8.2766-1’

7.782E-01 2.1686-03 O.96U-08 1.989E-13 2.8036-12 1.0826-11 -1.1356-19 1.1616-10

9.739E-0? 
3.2olE-17

1.7526-01 
3.0096-13

7.782E-01 2.1996-03 1.0126-03 9.1296-15 1.1076-13 5.1806-13 -5.?16E-’1 5.7976-12

9. 738E-0 2 
9.318E-13

1.7516-01
1.2616-19

7,782E-01 2.2506-01 1.0366-03 8.9396-16 5.7836-15 2.792 6-1 <, -2.6276-’’ ’ .8776-13

5. 113E-05
8.79 IE-03

1.318 r —02
8.8328-08
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Fig. 5. Velocity vectov plot and typical contour plots from cycle 100 (t =
9.063719 x 10~4 s). The maximum speed in the velocity vector plot is 
1,0416 x lO^ om/s. In the swirl velocity plot B3 the high (H) and (L) 
contour values are 2.428 x 10^ and 3.152 x 20% cm/s respectively. The 
high and low isopycnic values in plot C are 2.400 x 10~2 g/cm^ and 
1.041 x 10-2 g/cm3 respectively. The high and low isotherm values in 
plot D are 2538 K and 1150 K respectively. All contour values are equal­
ly spaced between H and L. The isopycnics and isotherms clearly mark the 
location of the flame front.
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Fig. 6. Isopleths of mass fractions of fuel (plot A) and
NO (plot B). The high and low contour values 

-2 -3are 4.270 x 10 and 4.787 x 10 in plot A and 
9.635 x 10 ^ and 1.071 x 10 ^ in plot B. The 
plots for all the major species (fuel3 CO 3

Ct U

and E^O) are similar to plot A. The mass frac­
tion of Ng is essentially constant. The plots 
for all other species resemble plot B.



APPENDIX D

THE SECOND TEST PROBLEM:

PROGRAM MODIFICATIONS TO CREATE A SPECIFIED INFLOW BOUNDARY CONDITION 

For many applications, such as modeling an intake valve, it is necessary 

to specified an inflow boundary condition. The appendix presents code modifica­

tions and the modified data deck for calculating a gas jet flowing into a quies­

cent medium. The jet is two cells wide at the left edge of the top boundary.
3

The jet material is pure octane (species number 1) at p = 0.06 g/cm and I =
2 x 10^0 ergs/g flowing in at a speed of 4000 cm/s. The following code changes 

are presented in CDC UPDATE format, and the *INSERT cards are self-explanatory. 

The sequence numbers correspond to those in Appendix A.

♦IDENT JET 
♦INSERT BC.27

IF (I .IE. 3) VXUJ2)—4000.
♦INSERT CCFLUX.60

IF (I.IE. 3 .AND. J.EO.NY) S3»S4«0.
♦INSERT CCFLUX.84

IF II.ST.2 .OR* J.NE.NY) SO TO 113
XHAS»4000.*0.06*DT*(RtIPJR>*42-RIIJP>**2>*0.5
SPMII J»1)-SPN(U»1)*XNAS
SIE(IJ»-ISIE(IJ>PNPIIJ>*X*AS*2.EU0>/IMPII J)*XMAS»
HPIIJ)»HP(IJ)*XNAS 

113 CONTINUE

The data deck is similar to the previous one, but it is listed in its en­

tirety to help avoid confusion.

1 INFLOW TEST PROBLEM 7/20/79
2 NSP 12
3 NR 3
4 NFQUT 10
5 NPQUT 100
6 L PR 2
7 ITMAX 100
8 NX 11
9 NY 10

10 NRE 6
11 EPSCHN 2. OOOOOOOOE-02
12 0NCHN 1.00000000E+00
13 XK0 1.30000000E-01
14 OX 5.23600000E-01
15 0Y 3.45670000E-01
16 XI6NIT 0.00000000E-02
17 SIEI 7.43400000E+02
18 ON 1.50000000E+00
19 PEPS 1.OOOOOOOOE-04
20 EPS 1.OOOOOOOOE-O6
21 AZFAC 0. 1
22 NCLAST 200
23 N0L 8
24 NOR 12
25 NOB 1
26 NOT 3
27 ITNIN 18
28 A0 0. 8
29 B0 0. 1
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30
31
32
33
3*
33
3b
37
30
39
40
41
42
43
44
43
46
47
49
49
30
51
32
53
34
55
5b
57
59
59
60
61
62
63
64
65
66
67
69
69
70
71
72
73
74
73
76
77
79
79
90
81
82
93
94
95
96
97
98
89
90
91
92
93
94
95
96
97
98
99

190

AON 0.8
IREZ 2
LANZER 0. 01000000E+OO
OTNAX 1.25000000E-05
OT 1.25000000E-06
CYL l.OOOOOOOOE+OO
ANC 0.03
R GAS 0.31430000E+07
R PN 0.00000000E+03
STROKE 9.55OOOOOOE+00
ABDC 1.20000000E+02
6X 0.OOOOOOOOE+00
GY O.OOOOOOOOE+OO
XNUO 4.OOOOOOOOE+02
RPR 1.10000000E+00
RSC l.OOOOOOOOE+OO
OISS l.OOOOOOOOE+OO
TCUT 9.90000000E+02
SWIRL l.OOOOOOOOE+OO
ANGVEL 2.OOOOOOOOE+03
TBOOY 4.OOOOOOOOE+Q2
ADIA l.OOOOOOOOE+OO
AIRNU l.OOOOOOOOE+OO
RH01 0. 00000000E-04
GANNA1 1.03OOOOOOE+00
WT1 1.14000000E+02
HTF1 “5.03100000E+01
RH02 1.95100000E-03
GANI1A2 1.40000000E+00
WT2 3.20000000E+01
HTF2 O.OOOOOOOOE+OO
RH03 8.50200000E-03
GANNA3 1.40000000E+00
WT3 2.80000000E+01
HTF3 O.OOOOOOOOE+OO
RH04 0.00000000E-05
GAMMA4 1.20000000E+00
WT4 4.40000000E+01
HTF4 -9.39650000E+01
RH05 O.OOOOOOOOE+OO
GAMMAS 1.22000000E+00
WT5 i.eoooooooE+oi
HTF5 -5.71030000E+01
RH06 O.OOOOOOOOE+OO
GAMMA6 1.66670000E+00
WT6 l.OOOOOOOOE+OO
HTF6 5.16310000E+01
RH07 O.OOOOOOOOE+OO
GAMMA7 1.40000000E+00
WT7 2.OOOOOOOOE+OO
HTF7 O.OOOOOOOOE+OO
RH08 O.OOOOOOOOE+OO
GAMMAS 1.66670000E+00
WT8 1.60000000E+01
HTF8 5.89890000E+01
RH09 O.OOOOOOOOE+OO
GANMA9 1.66670000E+00
WT9 1.40000000E+01
HTF9 1.12520000E+02
RH010 O.OOOOOOOOE+OO
GAMA 10 1.40000000E+00
WT10 1.70000000E+01
HTF10 9.289OOOOOE+00
RH011 O.OOOOOOOOE+OO
GAMA 11 1.40000000E+00
WT11 2.80000000E+01
HTFU “2.72000000E+01
RH012 O.OOOOOOOOE+OO
GAMA12 1.40000000E+00
WT12 3.OOOOOOOOE+Ol



100
101
102
103
104
109
106
107
106
109
110
111
112
113
114
113
116
117
lie
119
120
121
122
123
124
129
126
127
128
129
130
131
132
133
134
139
136
137
136
139
140
141
142
143
144
143
146
147
148
149
190
131
192
133
194
193
196
137
198
199
160
161
162
163
164
169
166
167
168
169

HTF12 2.14960000E+01
C Fl 3.00000000E+12
EF1 1.97800OOOE+04
ZETAF1 O.OOOOOOOOE+OO
C 81 O.OOOOOOOOE+OO
E 81 O.OOOOOOOOE+OO
ZETAB1 O.OOOOOOOOE+OO

AH1 2 29 OOO 0 0 0 0 0 0 0
BM1 0 0 0 16 18 0 0 0 0 0 0 0
AE1 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
BE1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
CF2 7.14000000E+13
EF2 3. 79970000E+04
ZETAF2 O.OOOOOOOOE+OO
CB2 1. 90000000E+13
EB2 O.OOOOOOOOE+OO
ZETA82 O.OOOOOOOOE+OO

AM2 0 0 10 0 0 0 1 0 0 0 0
BN2 0 0 OOO 0 0 0 1 0 0 1
AE2 0.000 0.000 1.000 0.000 0.000 0.000 0.000 1.000

0.000 0.000 0.000 0.000
BE2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1.000 0.000 0.000 1.000
CF3 1.20000000E+10
EF3 2. 76800000E+03
ZETAF3 l.OOOOOOOOE+OO
CB3 3. 20000000E+09
EB3 1. 96780OOOE +04
ZETAB3 l.OOOOOOOOE+OO

AH3 0 1 OOO 0 0 0 1 0 0 0
8(13 0 0 OOO 0 0 1 0 0 0 1
AE3 0.000 1.000 0.000 0.000 0.000 0.000 o.ooo 0.000

1.000 0.000 0.000 0.000
BE3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000

0.000 0.000 0.000 1.000
AS1 0.99020700E+ 00
BS1 « 9.17916000E+01
CS1 0.99307400E+00
0S1 ■O.34342600E+00
ESI 0.01116680E+00

AN1 0 0 OOO 0 1 0 0 0 0 0
BN1 0 0 OOO 2 0 0 0 0 0 0

AS2 0. 43131000E+00
BS2 9.96594000E+01
CS2 3. 90339000E+00
DS2 —0.34001600E+00
ES2 0.01987190E+00

AN 2 0 1 OOO 0 0 0 0 0 0 0
BN2 0 0 OOO 0 0 2 0 0 0 0

ASS 0.79470900E+00
BS3 ' 1.13208OOOE+02
CS3 3. 16837000E+00
0S3 0.44381400E+00
ES3 0.02696990E+00

AN3 0 0 10 0 0 0 0 0 0 0 0
BN 3 0 0 0 0 0 0 0 2 0 0 0

AS4 0.69293900E+00
BS4 '9.82320000E+00
CS4 3.93033OOOE+00
0S4 0.16349000E+00
ES4 0.01428690E+00

AN4 0 1 OOO 0 1 0 0 0 0 0
BN4 0 0 OOO 0 0 0 0 2 0 0

AS9 1.13888200E+00 
BS9 -7.66472000E+01 
CS9 8.93219900E+00 
0S9 -0»86832000E+00 
ES9 0«04634710E+00
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170 AN5 0 1 0 0 2 0 0
171 BN5 0 0 0 0 0 0 0
172 AS6 0*980875006*00
173 BS6 6* 844530006*01
174 CS6 m 1.059380006*01
175 DS6 0.374260006*00
176 ES6 0.041457006*00
177 AN6 0 1 0 0 0 0 0
178 BN6 0 0 0 2 0 0 0
179 NCHOP 10

0
0

2
0

0
0

0
0

Figure 7 shows a typical velocity vector plot and species 1 mass fraction con­

tours for this coarse test problem. The entire mass of species 1 has entered 

the mesh via the jet.
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Fig. 7. Velocity vectov plot and isopleths of mass
fraction of species 1 on aycle 100 (t =

-44.480 x 10 s) for the inflow boundary 
test problem. The maximum speed is

J
6.651 x 10 cm/s, and the high and low
contour values of mass fraction are 

-1 -28.973 x 10 and 9.970 x 10 respective­
ly.
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