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sutted for a given problem. These three matrix solvers greatly increase the
flexibility and efficiency of numerical computation for COMMIX-1C compared
to previous COMMIX codes.

¢ Geometrical Package: A special geometrical package has been developed and
implemented to permit modeling of any complex geometry in the most
storage-efficient way.

¢ Skew-Upwind Discretization Scheme: A new flow-modulated skew-upwind
discretization scheme has been developed and implemented to reduce the
numerical diffusion observed in simulations of flow inclined to grid lines.
The scheme also eliminates temperature over/undershoots that occur when
simulations are performed with other skew-upwind differencing schemes.

Volume | (Equations and Numerics) of this report describes in detall the basic equations,
formuiations, solution procedures, and models for auxillary phenomena. Volume Il (User's
Guide and Manual) contains the input instruction, sample problems, flow charts, and
description of available options and boundary conditions.
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3.1 Introduction
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Irregular Cell

If one surface of a computational cell is an irregular surface, that cell is called
an frregular cell. An irregular cell cannot be an interior cell because an
irregular cell contains an irregular surface that is part of a boundary surface.
Note that a computational cell is permitted to have only one rregular surface.

Surface Element

A section of a surface between two pairs of consecutive grid lines is defined as
a surface element, A surface can therelore have more than one surface
element. For example, in Fig. 6b, surface 6 has nine surface elements. The
variable NL1 is used to specify the total number of surface elements.

Volume Porosity

The geometrical parameter called volume porosity ¥ is defined as the ratio of
fiuid volume in a cell to the total cell volume. The FORTRAN variable name
for volume porosity 18 AL and its numerical value must lie between Oand 1.
This parameter is (ncluded to account for (1) irregularity in geometry and (2)
the existence of internal solid structures, For example, the volume porosity of
the computational cell due to irregular geometry (Fig. 10a) is

Ax Ay Az - volume of prism A

YzAL:
Ax Ay Az

Similarly, the volume porosity due to an internal solid structure (Fig. 10b) is

Ax Ay Az - volume of hall solid cylinder

‘YsAL:
Ax Ay Az

Directional Surface Porosity

Similar to volume porosity, the directional surface porosity v is defined as th
ratio of fluid flow area to total surface area. Because y, is a directional
quantity, we have three surface porosities. The variable names are ALX, ALY,
and ALZ for the x (or 1), y (or 0), and z directlons, respectively. For example,
in Fig. 10a,

yell+1/24.K) = ALX (cell {jk) = (ayaz - area Al)/(ayAz),

twilJ+1/2,k) = ALY (cell (k) = 1.0, and

Yo(1).k+1/2) = ALZ (cell ijk) = (AxAy - area A3}/(axAy).
and in Fig. 10b,

yxli+1/24.k) = ALX (cell {jk) = {AyAz - area AS)/(AyAz),

yyliJ+1/2.k) = ALY (cell k) = 1.0, and

Yo(l). k+1/2) = ALZ (cell (k) = (AxAy -~ area Ad)/(AxAy).
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We must mention here that the directional surface porosity s considered a
flow-variable parameter. In the staggered grid arrangement, we define flow-
variable parameters at the face of a cell. Therefore, when we describe x. Yy
and y; of cell (1J.k), we mean yx at (i+1/2J.k), v at (1j+1/2.k), and y; at
(1J.k+1/2).

3.3 Recommended Approach

The task of developing a geometrical model of a flow domain represents
¢ Selection of an appropriate coordinate system,

« Partitioning of a computai onal flow domain into a number of computational
cells by means of coordinate grid planes, and

¢ Computation of geometrical partition sizes,

The development of a geometrical model of & physical situation requires an artful
balance between an attempt to represent the geometry as accurately as possible on the one
hand, and minimizing the computational cost in terms of time and storage on the other
hand. This ger erally places an upper limit on the numbe: of computational cells. The
model must therefore try to balance homogenization of the detalls and accuracy in the
factors that affect fluid flow and heat transfer.

Developing a model and preparing input for a complex geometry involves many
decisions. There Is no clear-cut procedure in modeling, because most of the decisions to
be made are problem-dependent. The user must (ollow his/her own intuition and
judgment. The following are only broad suggestions:

¢ Take advantage of symmetry and model the minimal required geometry.

« Determine if the geometry to be modeled Is amenable to Cartesian or
cylindrical coordinates and use the appropriate coordinate system.

o If large varlations in parameters or properties are expected in certain
regions of the cumputational domain, then finer meshes should be used in
these reglons.

¢« Relatively coarse mesh (s recommended at the beginning to ensure that the
input is correct and the results are reasonable. Then the mesh size should
be doubled to determine the accuracy of the solution.

3.4 Geometry Input

Alter all major questions relating to geometry modeling have been answered, we can
start preparation of geometry input, Below Is a recommended step-by-step procedure

¢ Speclfy value of the variable IGEOM.
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The tnput of all initial and boundary values at the start of the first run can generally be
very tedious. In COMMIX. we have provided several simplified input procedures that
simplify initialization.

Lists of initlalization variables for uniform and nonuniformi conditions are given (n
Tables 3 and 4, respecitvely. The variables for nonuniform initialization override those for
unitform initialization. For a more detatled desciiption, please refer to Appendix A.

4.2 Simplified Procedures

* In the Initial input, we need to specify only the values of temperature,
pressure, and velocity. The values of enthalpy and density are not required;
they are calculated in the code from the equation-of-state and the
prescribed pressure and temperature distributions.

* We can prescribe initial hydrostatic pressure distributions in the entire flow
domair. by specifying only

~One pressure value (variable name PRESQ),

=Its x, y, and z location (variables are XPRES@, YPRES@, and ZPRES@), and

~The components of the gravity vector (variables are GRAVX, GRAVY, and
GRAVZ).

The program then calculates the entire pressure field.

* Uniform temperature distribution in the entire {low domalin can be obtained
by specllying only one temperature value to the variable TEMPQ.

* Uniform temperature and hydrostatic pressure distributions can be
overridden by using cell initialization records for desired (1J.k) locations.

¢ The normal velocity and temperature for each surface, {f un{form over a
surface, can be prescribed by specifying desired values to variables VELOC(N)
and TEMP(N), respectively, where N is the surface number. Uniform
pressure at cells adjacent to a surface is specified by PRES(N) and only needs
to be specified for a surface with the uniform pressure boundary condition.

* Nonuntform velocity and temperature distributions for surface elements can
be specified by using the surface element initlalization records with variables
VELB and TLB. This overrides any VELOC(N) and TEMP(N) values.
Nonuniform pressure distributions at cells adjacent to a surface having a
specifled pressure boundary condition is done using cell initialization
records and overrides the PRESIN) specification.

* If surfrce heat flux instead of temperature is desired to be prescribed
initl-uly, it can be done by specifying the desired value to the variable
TE'4P(N), which now has the units W/m2. A nonuniform heat fiux
aistribution can be specified by using the surface element (nitialization
records with variable QBN. This overrides any TEMP value.
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Table 3. Variables for uniform initialization

Variable Initializing Input
Variable Name Region Section Remarks
Temperature, TEMPD Internal DATA One value for all cells
< cell
TEMP(N) Boundary DATA One value for each surface
surface
Velocity, m/s VELOC(N) Boundlary DATA One value for each surface
surface
Pressure, Pa PRESQ Internal DATA Hydrostatic pressure
cell distribution
PRES(N) Boundary DATA One value for each surface
surface
Heat flux, W/m2 TEMP(N) Boundary DATA One value for each surface
surface
Mass flux, -—-m-g VELOCIN)  Boundary DATA One value for each surface
Lo surface

From the prescribed initial temperature and pressure fields, initial values of
density and enthalpy fields are computed by the code using the equation-of-
state.

Turbulence parameters (k and €) can be specified for internal cells and
surface elements by using cell initialization records and the surface element
initialization records with vartables TK, TKB, TD, and TDB.

Mass flow rates corresponding to uniform mass flux can be specified by
VELOC(N).

Mass flow rate can be specified for boundary surface by using the surface
element {nitialization records with the variable FLOW. This overrides any
value specified through VELOC.

The form of the cell initialization records (CIR) and the surface element
initialization records (SEIR) is

NAME RVAL 1B IE JB JE KB KE N’

*N for SEIR only



25

Table 4. Variables for nonun{form nitialization®

Variable Inftializing Input
Variable Name Region Section Remarks
Temperature, TL Internal cell CIRb Desired internal cells
%
TLB Swiface e'cment SEIR® Desired surface elements
Velocity, m/s UL VL.WL  Internal cell CIR Desired internal cell faces
faces
VELB Surface element SEIR Desired surface elements
Pressure, Pa POLD Internal cell CIR Desired internal cells
Heat flux, W/m2 QBN Surface element SEIR Desired surface element
Enthalpy, J/kg HL Internal cell CIR Desired internal cells
HLB Surface element SEIR Desired surface elements
Density, kg/m3 RLB Surface SEIR Desired surface elements
Heat source, @Sou Internal cell CIR Desired internal cells
wW/m3
Turbulence TK Internal cell CIR Desired internal cells
kinetic energy.
J/kg
TKB Surface element SEIR Desired surface elements
Turbulence TD Internal cell CIR Desired internal cells
dissipation rate,
W/kg
TDB S.riace element SEIR Desired surface elements
Mass flow rate, FLOW Surface element SEIR Desired surface elements
Kg/s

@Variables listed In Table 4 overrid~ those listed in Table 3.
bCIR: Cell Initlalization Records.
CSEIR: Surfece Element Initialization Recurds.
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For example: The surface element initialization record
TLB 60.0 g 18 .7 48 3 % B

means that we are specifying a surface-temperature value of 60°C for all
surface elements on computational cells having an I value from 5 to 18, J
value from 7 to 12, and K value from 1 to 1 for surface number 5. We can see
here that one input card In this example initializes the temperature value for
84 surface elements.

Similarly, the cell initialization record
TL 60.0 5 18 7 121 6

means that we are specifying a cell-temperature value of 60°C for all internal
cells in the region having an 1 value from 5 to 18, J value from 7 to 12, and "
value from 1 (o 6. A total of 504 cells are initialized by this example card.

+ Before a program reads the input data, all variable values are mad= «cro.
Consequently, only the values other than zero need to be specified in the
input data.

The commonly occurring values of variables are provided as default values. If
the default value for a given variable is acceptable, the input for that variable
nead not be specified.

4.3 Input Preparation
4.3.1 Internal Cell Variables

In the input preparation of initial cell values, we must specily the values of the
following variables:

Three Component Velocities UL, VL, and WL in m/s
~Temperature TL in °C,

-Pressure POLD in Pa, and

-Heat source QSOU in W/m3,

As mentioned above, we must specify only the nonzero values.

If we have uniform temperature and hydrostatic pressure distributions at the start, we
can make use of the simplified procedures and specify only TEMPZ and PRES@ in
NAMELIST/DATA/.

In regard to the heat source, the user has the option either to use volumetric heat
source QSOU or to specify it through thermal structures (see Sec. 5).
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4.3.2 Boundary Surface Variebles

¢ Types of Boundary Conditions

In boundary value initialization, we need to specify the type of boundary, as
well as the boundary values. The vartables used for defining the types of
boundary conditions are:

KFLOW. ¥ for velocity,
KTEMP. ¥ for temperature/heat Nlux, and
KPRES: # for pressure.

The types of boundary conditions are listed in Tables 5-7. Detalls and
description of these options are given in Volume | and Appendix A.

¢ Beundary Values

If & given boundary surface has a uniform value of velocity, temperature, or
pressure, we can use vartables VELOC(N), TEMPIN), or PRESIN) to initialize
it. These values are specified in NAMELIST/DATA/.

If nonuntform boundary conditions are required, the input is performed
through surface element initialization records (SEIR). Table 8 lists eight
variables that can be specified through SEIR. In general, we need not specily
all eight variables. Of course, one can always specify unifor:r, boundary
conditions by using the SEIR.

5_Thermal-Structure Modeling

5.1 Introduction

The purpose of implementing a thermal-structure model in COMMIX is to permit
consideration of heat-transfer interaction between fluld and structures, The mode)
implemented in COMMIX solves one-dimensional heat conduction equations for all solid
structures. It calculates temperature distribution in solids and heat transfer from solids to

surrounding fluids. In summary, the output from the thermal-structure model s a heat
source/sink term for the fluid energy equation,

The basic equations, formulations, and features of the model are described in Volume 1.

Here, we describe only the user-related aspects of the model.

5.2 Some Concepts and Definitions

A thermal structure is a solid structure in a Nuld-flow domain having heat-transler
Interaction with swrounding fluid. It can be planar, cylindrical, or sphencal. The
COMMIX-1C mode! permits a structure axis to be aligned with only one of the three
coordinate axes, as shown in Fig. 12. For & given flow domain, we can model as many
ther wal structures as desired.
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5.4 Modeling Recommendations
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structure with surface area equal to 10 times the surface area of one pin.
Similarly, as shown In Fig. 18b, we can consider a fraction of 2 pin also as a
thermal structure.

A slab structure (Fig. 19) can be considered as either

~A two-sided thermal structure with surface area for each side = AyAz and
thickness = t, or

-A one-sided thermal structure, the other side (inner surface) being
adiabatic, with outer surface area = 24yAz and thickness = (/2.

In many cases, we find that solid structures are untformly distributed, e.g.,
fuel pins in a reactor core, heat exchanger tubes, etc. For modeling of such
uniformly distributed thermal structures, we have provided an alternate way
for specifying heat transfer surface area. This is done through the variable
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RODFR, which has different meanings depending on what and how we
specify. We explain this through some {llustrations:

Posttive RODFR: COMMIX -1C computes heat transfer surface area using the
following equation:

Cylindocal Struciure:
Surface Area = (2x r A Z) RODFR

Plane Structure
Surface Area = RODFR

Spherical Structure
Surface Area = dnr? RODFR

Here, r is the surface radius (outer radius for outer surface or inner radius for
inner surface) and A Z; Is the axial length of coolant cell. Therefore, the
definition of RODFR 1s

RODFR: Number or fraction of rods interacting with coolant cell,
for a cylindrical or spherical structure, and

RODFR = surface area

for a slab-type structure. With this definition, we specify RODFR = 10 for the
tllustration in Fig. 18a. and 0.25 for the (llustration n Fig. 18b.

Negative RODFR: 1If we specily a negative value, then COMMIX uses the
following relation to compute heat transfer surface area:

Cylindrical Structure

Burlace Area s (381 A Z,lRODFRI)“Ceu area normal to structure

axis)

Blang Structure

Cell area parallel to structure surface

Surface Area = IRODFR|*
area)

Spherical Structure
Surface Area = 4n:? |RODFRI*Cell Volume

Therefore, the definition of RODFR for negative specification is

IRODFR| = number (or {raction of rods)
cell cross - sectional area

or

IRODFR| « Slab heat transler surface area
cell cross - sectional area
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or

number of spheres
cell volume

With this definition, we specify

IRODFRI =

RODFR = -2/ab
for the cell at the upper left corner in Fig. 20,
LR e
2rry (- 1)
1

T a(n ) (- n)
for the {llustration in Fig. 21, and

RODFR = ~

RODFR = - ]

for the fllustration in Fig. 19,

§.5 Input Preparation
5.5.1 Introduction

There are four sections of COMMIX input where we specify information that is directly
related to thermal structure:

NAMELIST/GEOM/.
NAMELIST/DATA/.

Thermal-Structure Prototype Records.
Thermal-Structure Location Records.

In addition to these directly related inputs (which are described in the following sections),
we must supply material properties and heat transfer correlations (described in Sec. 8).

§52 NAMELIST-Input

¢« NAMELIST/GEOM/: Here, we input the variable ISTRUC=1, which indicates
that thermal-structure-related input is to be read and a computation is to be
performed.

* NAMELIST/DATA/: Here, the TS-related variable s NEWTS., We specify
NEWTS=1 only il we want to
~Modify or update thermal-structure-related information using the
restart option, or
~Input new thermal-structure-related information

at the start of either a steady-state run (ISTATE=0) or a transient run
(ISTATE=2). This varfable comes into operation only with ISTRUC=1 and
ISTATE=0 or 2.



R I S PP W ———

37

0 IS0
b|®© ©]O0 © ©
© 0|l © ©
1o olo o o
© 0|0 ©0 ©
%lo o0 ©0 ©
© o]0 © ©

Fg. 20. Unfformly distributed rod bundles
tn a nonun{form gri.!

/ L """
/ : "
7 N

4
—

Fg. 21, Cylindrical shell with nonuniform azimuthal grid

5.5.3 Prototype Records

The thermal structure prototype records are the input records where we input all
geometric and physical information for all thermal structures. A detailed description of this
input Is given In Appendix A. We describe it brieflly here to explain some input-related

rules.
¢ For each TS we have a set of input records.

* Each set contains several NAMELIST records. They are to be in the
following order:

&T For information related to thermal structure,

&F For information related to outer surface fuid,
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&M  For information related to Material 1 and Gap |

&M  For information related to Material 2 and Gap 2

L
.
.

(Include one NAMELIST/M/ for each material region in a thermal
structure.)

&F For information related to inner-surface fluid. This record is
included only if the TS is two-sided. If the inner surface is adlabatic
or a symmetry boundary, this record is not required.

¢ The numbering of material regions begins as we traverse from outer surface
to tnner surface. To {llustrate the ordering system, two examples are
presented.

Example 1: Ordering sequence ol records for TS shown In Fig. 22a:
&T Ne, IXYZ=, NT=, RODFR=, OUTR=, &END

&F IHT=, &END

&M  Mls, NP, DR=, Q=, SCAP=, HUAP=, &END

&M  Mls, NP=, DR=, Q=, SGAP=, HGAP=, &END

&F IHT=, &END

Example 2: Ordering sequence of records for TS shown in Fig. 22b:
&T  N=, IXYZs, NT=, RODFR=, OUTR=, &END

&F IHT=, &END

&M  Mils, NP=, DRe=, Q= SGAP=, HGAP=, &END

&M  Mi=, NP=, DR=, Q= SCAP=, HGAP= &END

&M Mil=, NP=, DR=, Q= SCGAP=, HCAP=, &END

&M Mil=, NPs, DR=, Q= SGAP=, HCAP=, &END

The meanings of all FORTRAN variables referred to in the TS prototype records are given in
Table 9.

Note: If a fluld or a adiabatic surface follows a material, the gap properties are ignored. The
gap properties are used for a given material only when another material follows.

Note: If there (s no gap between two materials, we specify a high heat transfer coefficient,
e'g'!

SCAP = 0.0, HGAP = 1.E30.
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6 Force-Structure Modeling

6.1 Introduction

6.2 Resistance Correlation




6.3 Input Requirements

$ [ "o £ W "t
.
1OV i
e } } 1 N\ } ' "1
. \ | ! i N ! ¢
¢
* Variables as Al IRRI ( IR nd R METY ! | 0 L ' e
| nla { (] 1. ©.4
. elerence lengtt ' IREYLEN] lor Ren & 1 nher K
’ we | ¢ e Lhe 1OW i } It t ¢l
¢ NFWFO} A sigs { farm 1) nev ree-&tt ¢ ; : at he re
. NFO t Number ol | € SlI !
¢ RR N het ri y y
! : ! 1 ’ ' ) 7
L JR4L Linkage between a lorce st re and « I't ! er, €.}
RR(3)=4 means (! re 1 , ed [or ¢
sirud re
© } e-str ¢ ) { «
\ [ 1\ ibles related o { e &11 re p g } \

¢ s re W A ' ' ' 137 gl ooctt g
g ’ p 13 AA A A s
s PDECH ! s he FO ViAA I8 9 '
X} ) §
\ b i | i } } K}
- }
\ » 4 ) 9 ) - | ’
we sD v A Yt ! } ! ¢ | & Vi v Sia | &
1! | atly r Her K e ! %
i | L : N S ! A ¢ Kl K \
¢ Lo For f ! ' ¢ e | 11 St X \
A . }







44

6.5 Modeling Recommendations
6.56.1 Staggered Grid System

In the finite-volume formulation, frictional resistance due to a solid structure in a flow
domain 1s considered an additional source term in the momentum equation. Because a
staggered-grid system is used in COMMIX-1C, the control volumes for the momentum
equations are displaced, as {llustrated In Fig. 24. It is therefore important to remember
during modeling of the resistance term that:

* The distributed-resistance source term is for the staggered control volume
as shown in Fig. 24, and

* The reference velocity used in the resistance source term equation s the
velocity at the face of a cell.

To (llustrate this point, we consider the case of a sudden enlargement, as shown in Fig. 25
The pressure loss due to abrupt change In area is generally expressed in terms of the loss
coeflicient K| or Kz. depending upon which reference velocity 1s used:

1 2
Ap = K, =pV, ,
p 1291
= K .l..p\/2
32 2

where subscripts 1 and 2 refer to smaller and larger cross-sections, respectively. In such
cases, the user must look at the location of abrupt expansion (see Fig. 25) and then
prescribe a suitable correlation for either K, or Ka.

6.5.2 Fuction-Factor Library

Occastonally, the COMMIX-1C user may find that the desired correlation is not of a
form described in Sec 6.2, The user is then faced with two choices:

¢ Approximate the correlation to fit the input form, or
¢ Use the friction-factor library.

The friction-factor library has been created to accommodate up to 50 different
additional correlations corresponding to values of ICORR(NF) from 50 to 99, Currently,
only seven correlations, as described in Volume 1, have been added to the library.

The user who wishes to define an additiona! correlation can first examine the sub-
routine FORCES to see what correlation numbers are free and available. Then, with other
library correlations as a guide, a new correlation can be inserted appropriately in subroutine
FORCES and recompilcd.
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6.5.3 List of Correlations

To save the user time In searching the vast literature, we have collected a sel of
correlations that we feel are most commonly needed by COMMIX-1C users. These
correlations are listed in Appendix C.

We caution here that the correlations in Appendix C are not necessarily the only and
best relations. We welcome feedback and comments from all users so that we can add
other correlations and update the existing relations.

7 lution P r

7.1 Introduction

As described in Volume |, COMMIX-1C employs the implicitness parameter a in the
formulation of the general finite-difference equations. Also available in COMMIX-1C are the
three matrix solvers for the scalar transport equations and the pressure equation. These
options make numerical computation more efficient for a given problem. In this section,
we will describe how to use these options and provide some guidance on selecting the
proper method for a given application. The convergence and relaxatlior: parameters are also
described in this section.

7.2 Solution Methods

A list of the variables related to the solution procedure is given in Table 11. The
implicit parameter @ is represented by the FORTRAN name ALPHA and Is in input section
of NAMELIST/DATA/. The fully implicit scheme is recommended and, by deflault, ALPHA =
1.0. For the vast majority of simulations, the fully implicit scheme should be used because it
does not have the time-step restriction. For very fast transient, the semi-implicit scheme
may be preferred. Any value of a other than 1 is not recommer.ded at this time because not
enough testing has been performed. Finally, a word of caution on the use of the semi-
implicit (@ = 0) solution procedure. The operational experience of COMMIX-1C has been
primarily with the fully implicit solution scheme (a = 1). This Is particularly true for the
auxillary models such as the k-¢ two-equation turbulence model, the flow-modulated skew-
upwind difference scheme, etc . where almost all experience has been with the fully
implicit solution procedure. Therefore, use of these auxiliary models is recommended only
with the fully implicit solution procedure.

The user can choose one of the matrix solvers for the scalar transport equations
(energy. k. and ¢) and the pressure equation. The successive overrelaxation (SOR) method
and the Yale Sparse Matrix Package (YSMP) are suitable for both the symmetric and non-
symmetric matrix and therefore can be selected (o solve both the scalar transport equations
and the pressure equation, The preconditioned conjugate gradient (PCG) method s
applicable for symmetric matrix and s therefore suitable for the pressure equation only.
The FORTRAN name ISOLVE is the flag used to choose the matrix solver for the scalar
transport equations, 1If ISOLVE = 0, SOR is selected, and f ISOLVE = 1, YSMP is se'scted.
The FORTRAN name ISOLVR is the flag for (hivosirgd the matrix solver for the pressure
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Table 11. Variables related to solution procedure

FORTRAN COMMIX
Name Description Input Section Remarks
ALPHA Implicitness parameter NAMELIST/DATA/ = 0.0 for semi-implicit
= 1.0 for fully implicit
ISOLVE Flag to choose matrix NAMELIST/GEOM = 0 for SORa
solver for scalar transport = 1 for YSMPb
equations (energy, Kk,
and ¢)
ISOLVR Flag to choose matrix NAMELIST/GEOM/ = 0 for SOR
solver for the pressure = 1 for YSMP
equation = 11 for PCGE

#SOR: successive overrelaxation method.
bYSMP: Yale Sparse Matrix Package.
€PCG: Preconditioned conjugate gradient method.

equation. ISOLVR = O, 1, and 11 corresponds to the matrix solver of SOR, YSMP, and PCG,
respectively. If SOR is selected, the user should specify the convergence parameter £, and
the relaxation parameter omega (which we describe in the next section). If the YSMP is
selected, the user should input the parameters NNZERO and NSPACE n the
NAMELIST/GEOM/. The values of these two parameters are not known beforehand. The
best way 1s to input some arbitrary values for NNZERO and NSPACE, and submit a job. Then
the output wili indicate the proper values to use for both NNZERO and NSPACE. This
procedure may have to be repeated several times.

As a rough guide, YSMP s most efficient i the number of computational cells is less
than 1000. If the number of computational cells is greater than 2000, then the SOR
method should be selected for the scalar transport equations and the PCG method for the
pressure equation. If the number of computational cells is between 1000 and 2000, there
i$ no clear edvantage in one method over the others and the choice is problem-dependent.

Finally, it should be noted that the user can choose (o skip the calculation of either the
momentum equations or the energy equation. For example, {f one wishes to perform calcu-
lations for an isothermal flow, the parameter IFENER should be set equal to zero and the
energy equation s bypassed during the solution sequence. Similarly, if the user wishes to
omit calculations of the momentum equations, the parameter IFMOM should be set equal to
zero and the momentum equations are bypassed during the solution sequence.

7.3 Convergence Parameters

There are a number of convergence criteria employed In COMMIX-1C (Table 25 In
Volume 1). The user must input these convergence parameters [or the ilerative solution
schemes such as the successive overrelaxation method and the preconditioned conjugate
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Table 12. Convergence parameters

FORTRAN Default
Name Symbol Description Value
EPS1 €] Mass convergence for pressure 10-4
equations
; EPS2 €2 Mass convergence for pressure 10-6
equations
EPS3 £y All transport variables (h, k, e, 5x 109
| u, v, and w)
|
| EPSSH €5 Enthalpy 10°6
EPS6 (1 Turbulence parameters k and ¢ 10-5

Table 13. Underrelaxation parameters and default
values employed (n COMMIX-1C

FORTRAN Default

Name Value Remarks
OMEGAV 08 Velocity components
OMEGAE 0.8 Enthalpy
OMEGAK 0.7 Turbulence kinetic energy
OMEGAD 07 Rate of dissipation of

turbulence kinetic energy
OMEGAR 1.0 Density
OMEGAT 1.0 Turbulent viscosity

Table 14. Relaxation parameters for SOR method,
und default values, employed in COMMIX-1C

FORTRAN Delault

Name Value Remarks
OMEGA 1.5 Pressure
RELAXE 0.95 Enthalpy

RELAXK 08 Turbulence kinetic energy
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parameters, OMEGAR for density and OMEGAT for turbulent viscosity, are available in
COMMIX-1C. The default value for these two parameters is 1.0.

7.4.2 Successive Overrelaxation

Table 14 is a list of the relaxation parameters required for using the successive
overrelaxation (SOR) method and the default values for these parameters,

8 Auxiliary Irput

In addition to geometry specification. initialization, and model input, the user may have
{o provide several auxiliary inputs. These inputs are briefly described here; more-detalied
information is presented in Appendix A

8.1 Heat Transfer Correlation

The purpose of the heat transfer correlation Input is to provide information required in
the calculaticn of the surface heat transfer coefficient in thermal-structure models.
Currently, there are two types of heat transfer correlations available in COMMIX-1C. The
linkage of the heat transfer coellicient to the thermal-structure model is through the
varfable IHT in the thermal-structure prototype records NAMELIST/F/. There are three
input parameters associated with a particular [HT:

¢ IHTCOR(IHT) Heat transfer correlation number,
¢ HTCLEN(IHT) Characteristic length, and
¢ HTCMULIIHT) Heat transfer coelficient multiplier.
For example, if IHT = 2, and
IHTCOR!2) = 8,
HTCLEN(2) = 2.0,
HTCMUL(2) = 3.0,

this represents that heat transfer correlation number 8 will be used for this particular
thermal structure, the characteristic length used in the calculation of the Reynolds number
and Nusselt number is 2.0 meters, and the calculated heat transfer coeflTiclent will be

multiplied by a factor of three.

The two types of heat transfer correlation in COMMIX are:
1. IfIHTCOR = 1 - 10

h=h,xNuxk/d (8.1)

where ho = heat transfer coelficient multiplier (HTCMUL),
Nu = C, + C,Re® Pr (8.2)
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C2K, C'K C2K Coefficients of conductivity equation, and
C2MU, CIMU, C2MU Coeflicients of viscosity equation

The linkage of tF e material properties to the thermal structure model is through the
variable Ml in ‘he taermal structure prototype records NAMELIST/M/. For example, if MI
= 2 for a giver. mnaterial and

C@K = 20., 40., 60,
C'K . 103, 104, 10°5,

this means that the thermnal conductivity of this material is given by

A=d40 4 109 x T
Similarly, f MATYPE - 1, the Nuid properties are calculated by

h=204 1079 T,
8.3 Turbulence Modeling

In COMMIX-1C, two options are provided to account for the effect of turbulent flows:

¢ Constant-diffusivity model, and
¢ k-t two-equation turbulence model

The theory and equations relating to these models are described in Volume 1. Here, we
present only the information needed by the user,

8.3.1  Signal Parameter

The variable ITURKE in NAMELIST/GEOM/ specifies which turbulence model 18 to be
used:

ITURKE = 0 No turbulence model (laminar flow) or constant-diffusivity model,
12 k-¢ two-equation turbulence model.

8.3.2 Constant-Diftusivity Model

In the constant-diffusivity model (ITURKE = 0), a user must specify the values of
turbulent viscosity (i) and turbulent conductivity (Arur) In NAMELIST/DATA/. The
corcesponding FORTRAN variables are TURBV and TURKC, respectively.

1t is recommended that values being prescribed have been obtained from ciperimental
data. 1f such values are not available, a user can provide his/her own estimale or use the
procedure suggested in Sec. €.2 of Volume [ to estimate these parameters.
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8.3.3 k-t Two-Equation Turbulence Model

In the two-equation model (ITURKE = 12), we solve the transport equations of
turbulence kinetic energy k and dissipation rate of turbulence kinetic energy ¢. As
described in Volume 1, there are a total of eight constant coeflicients employed in the k-¢
two-equation turbulence model. Table 15 Is a list of the FORTRAN names and default values
of these coelflicients. These parameters are required only if the user wishes to use values
different from the default values given in Table 15, These parameters should be in the
input section of NAMELIST/DATA/.

In addition to the inputs described previously, there are several inputs that the user
may need for the k-¢ two-equation turbulence model (see Table 16). Most of these
parameters were already described (n previous sections. For example, the relaxation
parameters are described in Sec. 7.4 and the boundary turbulence parameters (KB and
TDB) are described in Sec. 4.2. They are presented here mainly for cross-reference
because these parameters fit in both classifications.

All parameiers in ‘fable 16, with the exception of TKB and TDB, should be in the input
section of NAMELIST/DATA/. TKB and TDB should be in the surface-element initialization
records.

8.4 Numerical Diffusion

When flow s Inclined to grid lines, and the pure-upwind scheme I1s used to formulate
convection terms, ,rumerical A Tasion may result. To reduce numerical diffusion, we have
provided an additional option tn COMMIX-1C, the flow-modulated skew-upwind discretiza-
tion scheme. To use this option, a user needs Lo input only one variable (ISKEW) in the
NAMELIST/DATA/. M ISKEW = O (delault), the pure-upwind difference scheme is used. If
ISKEW = 2, the flow-modulated skew-upwind dilference scheme will be activeied,

8.5 Time-Step Size

COMMIX performs thermal-hydraulic calculations by marching in time. The values of
the dependent variables at a given time t and time-step n are known. The values of the
dependent variables at time { + At and time-step n+1 are caleulated. By repeating this
procedure, the thermal-hydraulic conditions are determined for ~  4esired time span,

For a steady-state calculation, the same procedure is followe.  #'e start with an initial
state and continue the marching-in-time process until the values of all dependent variables
become slowly varying. The tme step size [or the implicit-steady-state calculation can be
very large, e.g.. as much as 10-20 times the Courant time-step criterion.

In COMMIX, there are two options for selecting the time-step size:

* The user can prescribe the desired time step size as inp. ; detalls of this
input are given in Appendix A

¢ The automatic time-step option can be used.
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Table 15. Coeffictents employed n k-¢ two-
equation turbulence model

FORTRAN Symbols Used Default
Name tn Volume | Value
PRNDLH Oh 09
PRNDLK Ok 1.0
PRNDLD 0 1.3
C11 Ci 1.44
CT2 Cz 1.92
CDTURB Cp 0.09
AKAPPA K 0.42
EE E 9.0

Table 16. Possible additional input for k¢ two-equation turbulence model

Default

Variable Function Value
ITMAXK Maximum number of iterations for k equation 29
OMEGAT Relaxation factor for turbulent viscosity 1.9
OMEGAK Relaxation factor used in the solution of k equation 0.7
OMEGAD Relaxation factor used in the solution of € equation 0.7
RELAXK Relaxation factor for k 08
EPS6 Convergence criterion for the k and ¢ equations 10-5

TKB Boundary turbulence kinetic energy 10-16
TDB Dissipation rate of boundary turbulence kinetic i
energy 1019

In the automatic time-step option, the time-step size is evaluated on the basis of the
Courant condition:

At = Cy Alg,

where C, 18 the user-prescribed coefficient and Atc is the time-step size evaluated from the
Courant condition. The Courant time step-size is the minimum time required for fluid to
be convected through a cell. It is to be noted that the automatic time-step option

(8.8)
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Table 17. Time-related parameters

Default
Name Description Value
NTMAX Maximum time-step for a given run 99839
TIMAX Maximum time for a given run 3.6x 107
ITEMER = 0, no subroutine time information shown 0
= 1, subroutine time information shown at the
end of a run
= 2, subroutine time infcrmation shown after every
call
TREST If the elapsed run time exceeds TREST, the run 3600
is terminated after optionally writing a restart file
TSTART This value should be reset to zero at the beginning 00

of a transient run (STATE=2)

¢ Constant-value boundary conditions (use the surface-element initialization
records if the boundary conditions are nonuniform).

¢ Our best estimated values as initial condition; to save computer ruaning time,
it 1s recommended that Initial estimated values be prescribed as closely as
possible to the expected solution.

e Number of iterations IT = 1. Because we are performing a steady-state
simulation, each time-step represents a steady-state iteration; therefore,
more iterations per time-step are not required.

* Time-step size DT can be large. We recommend starting with DT = 1000 s
or larger. if this causes a convergence problem, it then can be reduced to,
say, 100 s or 10 s or even less,

¢ Fluid and material properties.

¢ Other ancillary information, e g, output printing desired.

¢ Force-structure Input, il any.

¢ Thermal-structure modeling with heat source, {f any. NOTE: For a steady-
state calculation, only the thermal structures with heat sources need to be

considered.

¢ Turbulence model input, f necessary.

s Flow-modulated skew-upwind discretization scheme input, if necessary.
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10.2

b8

Translent pressure boundary condition, and/or

Transient heat source,

Procedure

For running a transient problem, we recommend the following procedure:

Obtain a steady-state sclution using constant-value boundary conditions and
guessed initial distributions, and write the results on a restart file. The
constant values to be used for specifying the boundary conditions must be the
values at time t = O of the transient problem.

Run the transient problem, using the restart data and the following
additional input in NAMELIST/DATA/.

~ISTATE = 2.
~TSTART = starting time of the transient.

~KFLOWI(N} = 100 + NF; this is for the transient velocity boundary cond” ‘on.
NF defines the transient function number to be used for the transient
condition on surface N.

~KTEMP(N) = 100 + NF or 300 + NF; this is for the transient temperature or
heat flux boundary condition. NF defines the transient function number to
be used for transient condition on surface N,

~KPRES(N) = 100 + NF; ihis is for the transient pressure boundary
condition. NF defines the transient function number to be used for
transient condition on surface N.

-NOFQT: This is the number of the transient function that is used as a
multiplier of the specified volumetric heat source (QSOU) distribution. For
example, if NOFQT = 2,

Qlx, v, z 1) = falt) x QSOU (x, y, 2),

where @ (x. y. 2, t) is the transient volumetric heat source, fy is the
translent function number 2, and QSOU (x, y, z) is the spatial heat source
distribution in the fluid.

~TVAL: Values of the independent variable (time) of the transient functions.
~FVAL: Values of the dependent variable of the transient functions.

-NEND(N): Number of points used to prescribe the transient function
number N,

-Other ancillary information ~ time step size, output, etc.
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Transient Functions

In COMMIX, we use the relation

Fit) = F(O) * flt) (10.1)

to prescribe the desired variation of a function with time. Here, F(O) is the value of a
function at time t = 0 and 1Y) is the transient function. The following information is useful
relative to transient functions in COMMIX:

* Asetolland t values must be prescribed for each transient function. Cubic

10.4

spline-fit coellicients are evaluated to approximate a translent function as a
polynomial.

Up to 25 functions consisting of up to 100 points can be defined.

All transient functions should be normalized with respect to values at time t
= 0,

FVAL and TVAL are the FORTRAN variable names for prescribing discrete
values of [ and t, respectively.

NENDI(NF) (s the number of discrete [ and t values prescribed for tansient
function #NF,

FVAL and TVAL are one-cimensional arrays; the first value of the second
transtent function immediately follows the last value of the first function,
The same pattern is followed for all subsequent transient functions.

Discontinuities in a function can be indicated by specifying the same t value
twice with the same or dilferent f values.

Decoupled Transient Calculation

In a normal transient simulation, all three (mass, momentum, and energy) coupled
conservation equations are solved at every time-step. However, by decoupling’ the mass-
momentum and energy equations, one may save some computer running time because

.

At a given time-step, we are now only solving either the mass-momentum
equations or the energy equation.

Decoupling recduces the number of iterations required per time-step.

With decoupling. we can use a larger time-step size.

Therefore, we have provided a decoupling option that permits the solution of the

* Here, decoupling means solving either the mass-momentum or the energly equation only at a given time-step
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11_Operating COMMIX-1C

11.1 Load Module Creation

To ease the task of creating load modules (binary files) to {it the size of the problem
being considered. we have implemen.ed a dynamic storage allocation scheme, Space for
the geometry-dependent variables is allocated in the variable $ of COMMON/SPACE/. The
address of each variable is computed at the beginning of each run. These addresses are
then passed into subroutines where the variables are named and variably dimensioned.

11.2 Input/Qutput
11.2.1 Input Data File §

The input for File 6 s described In Appendix A. The most current version of the input
description is generally distributed with the code. The input contains a mixture of
NAMELIST and formatted data. It is rewound to allow for multiple passes through the fle.
The user may wish to change the file number of the read statements (f the user's system
does not provide for rewinding File 5.

11.2.2 Printed Output File 6

The printed output from COMMIX is written to File 6. A 133-character line length is
assumed, with column 1 being the carriage control. The input data from File 6 and
sumiaary information, depending on the problem, are always printed. But the bulk of the
output Is user-specified and controlled by parameters such as ISTPR, NTHPR, NTPRNT,
and TPRNT, whirh gre described in Appendix A

11.2.3 Restart Information Files 9 and 10

The restart capabilities of COMMIX are programmed in SUBROUTINE RESTAR. Blocks
of information are written to File 10, which can be read by a subsequent jab from Fiie 9 to
permit continued processing from the point at which the restart file was written.

Restart flles are written optionally (see IFRES in Appendix A) in any of the following
three events:

* Steady state is reached.
* The time specified {or the job has elapsed
* A specified time or time-step has been reached,

The first event Is indirectly controlled by the convergence parameters. The second and
third events can be controlled by variables described in the “Rest» ¢ Option” section under
NAMELIST/GEOM/ and the *Time- and Time-Step-Related Parameters” section under
NAMELIST/DATA/ in Appendix A.
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After the restart information has been written to Flle 10, several additional records are
written. These recards contain, In effect, a snapshot of the simulation as it existed when
the restart was written. ‘This information can then be used, by interfacing with the user's
graphics programs, to obtain graphic plots, e g, vector and isotherm.

11.2.4 Plot Tape File 76

Prior to reaching steady state, it is generally adequate to obtain plots only for points in
time at which restart files are written. Once steady state has been reached and a driving
transient has been turned on, however, it 1s often desirable to save a complete history of the
flow and temperature fields. SUBROUTINE PLTAPE provides this optional capability (see
NTPLOT in Appendix A). At the beginning of File 76, a group of records containing
geometry and properties information Is written, Then, at user-controlled time-steps. the
entire velocity and temperature fields are written, This flie can then be used to interface
with the user's plotting routines.

11.3 COMMIX Error Detection and Diagnostics

It is generally impossible to anticipate all the possible error conditions that one might
enccunter while using COMMIX. However, an attempt has been made to provide
information that will guide the user through abnormal terminations.

There are many places where key variables are tested for meaningful values or where
certain paths of a branch statement Indicate error conditions. Some of these have been
coded to call SUBROUTINE ERRORS. This subroutine prints short error messages and
determines whether processing can continue or must terminate.

The "Error Messages” section in Appendix A contains expanded explanations of the
errors encountered.

12 Concluding Remarks

The development of COMMIX began in 1976, with emphasis on the analysis of fuel
assemblies, specifically under natural-circulation conditions, However, as the development
progressed and the structure of COMMIX started to evolve, it became apparent that
CONMIX could be made a user-oriented general-purpose code with a wide range of
capabllities and applicabilities.

The new development of COMMIX then became a continuously evolving dynamic
process. New modifications and linprovements were implemented continuously in
response to

* New physical models, and solu:tion procedures,
¢ Feedback from users, and

o A desire to streamline the code, make it more use. oriented, and increase
its generalities and capabilities.



The first version of COMMIX, named COMMIX-1, was released in March 1978,
Development then continued and many more features were added, e.¢.. thermal- and force-
structure models, a cylindrical geometry option, semi-implicit and fully tmplicit solution
procedures, etc. In December 1983, COMMIX-1A was released. Further development led
to COMMIX-1B, which was released in September 1985 and Included new features such as
turbulence models and a volume-weighted skew-upwind difference scheme. Since then,
we have added many more features and reiinements and we release it now as an extended
version called COMMIX-1C.

Since the inception of COMMIX development, code verification has been performed in
parallel with development. Extensive simulations have been performed to check and verily
every step of development. It Is generally felt that COMMIX is a very well tested compuier
code. However, because COMMIX is so large and general-purpose, some bugs might have
been overlooked. We certainly welcome feedback from any 1iser who may encounter a bug
or who has suggestions on improving the COMMIX code.

Within the constraints of available time and manpower, we have made very effort to
make COMMIX a well-tested, user-oriented computer code. But there still are many more
improvements that could be implemented to make it even more user-oriented. The
following are examples:

o Implement more error detections and diagnostics to provide information
that will guide the user through abnormal t2rminations.

*+ Develop a software package for computing all geometry-related information
(e.g.. mesh size, volume and directional surface porosity, and surface area)
and generating input for COMMIX.

¢ Develop an interactive input processor for auxiliary input information, e.g.,
boundary conditions, thermal structures, and force structures.

¢ Develop a postprocessor for connecting COMMIX output to plot processors
for generating vector and isotherm plots.

Il ttme and prograia funds permit. eflorts will be made In these directions.
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Appendix A: Input Description

A.1 General Comments

Throughout this docuruent, all words corresponding to FORTRAN stlatements or
keywords appear in the Courdier Bold font. Default values are indicated by an asterisk or
a value in parentheses after the variable description. Arrays are Indicated by a subscript
following the variable name.

A.2 Some Terminology

The computational domaln is partitioned into a number of computational cells, each
bounded by consecutive x-, y-, and z-direction (or r-,0-, and z-direction) grid planes.
Surfaces (portions of a plane or cylinder) may be defined both on the exterior, bounding the
computational domain, and in the interior. The intersection of a surface and consecutive
grid planes outlines a surface element. Surfaces that coincide with a grid plane are called
regular surfaces; otherwise, they are called (rregular surfaces. A regular cell is one with all
faces coinciding with grid planes. Irregular cells have one irregular surface element.

A.3 General Input Structure

User input is read from a file associated with unit 5. This input consists of two
required namelists, optional namelists, and several other record groups. The term record
refers to a string of ASCII characters terminated by a carriage return or \n., This
corresponds to the earlier concept of a card image. The user may specily unit 5 input in
any order. One possible order follows:

Problem Description and Comments (Optional)
Namelist/geom/
Namelist/data/
Boundary Surface Identification Records (istate = 0)
Cell Initlalizatica Records (Optional)
Surface Element Initialization Records (Optional)
Foree Structure Specification Records (Optional)
Thermal Structure Location Records (Optional)
A.4 Input

A.4.1 Problem Description and Comments

To sense the presence of optional input, columns 1-4 of each line of tnput are
compared with the key words listed below. When a match s found, the line is reread in the
appropriate format. If no match is found, the line is Ignored or, in effect, treated as a
comment. Thus, any number of user comments can precede namelists or be interspersed
vetween non-namelist input as long as columns 1-4 do not contain any of the keywords,

al alx aly alz
ireg reg in out
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flow peld qbn qsou

hl hlb rlb ti tlb
td tdb tk tkb

ul vl wl veldb

xfor yfor zfor

it e f im

A.4.2 Namelist/geom/

The variables listed belew are used to determine the amount of memory to be allocated
for the run. It Is tmportant that they be specified correctly. The variables preceded by an
asterisk can be approxtmated by a value larger than actually needed. The minimum values
are printed after they are computed. Any of these variables that remain unchanged for a
subsequent restart run need not be respecified because they are read from the restart file

*nml *nll nsurf
imax dmax kmax
nforce iturke istruc igeom
nngero nnon0 nspace flmax

The first three variables listed below can be set to allow for more efficient computation
when running one- or two-dimensional problems,

ifs Perform all x-component calculations, (*)

Bypass x-component calculations.

O -

ify Perform all y-component calculations. (*)

Bypass y-component calculaticns.

O -

ifz Perform all z-component calculations. (*)

Bypass g-component calculations,

igeom

—0 O~

Rcfulnr Box geometry (Carteslan coordinate) option, (*)

Cylindrical geometry option using box geometry input.

Note 1: A surface must be dedicated to ¥ = 0.0 when the origin {s present.
Set kflow(n) = -3 and ktemp (n) = 400 for that surface.

Note 2: For full 2n radian geometries, 3 = 1 and j = jmax are automatically
linked; thus, no surfaces need be defined at 0 (y) = 0.0 and © (y) = 2r.

isolve Flag to determine the solution technique used to solve the transport

equations. These Include energy, turbulent kinetic energy, and turbulent
dissipation. (0)

0 Successive overrelaxation (SOR) solution scheme is used. Values for epsl
and omega must also be specified when using this option,

1 The Yale Sparse Matrix Package (YSMP) solver is used. This option is
recommended when the number of computational cells, nm1, is less than
(1?)00 Values for nnzero and nspace are required when using this option.

isolvr Flag tu determine the solution technique used to solve the pressure equation.
(0)
0 Successive overrelaxation (SOR) solution scheme is used. Values for epsl
and omega must also be specified when using this option,
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1 The Yale Sparse Matrix Package (YSMP) solver is used. This option is
recommended when the ni'mber of computational cells, nml, is less than
1000. Values for nnzero and nspace are required when using this option.
(*)

11 The preconditioned conjugate gradient solver is used. This option is
recommended when the number of computational cells, ami, Is greater than

1000,
nll Total number of surface elements. (0)
nml Total number of computational cells. (0)

Note. Both nli and nml car be approximated by values larger than actually
required. However, {f this is done, they must not be included in
namelist/geom/ when restarting (Astate > 0). Storage will be allocated
according to the values specified in the input rather than the minimum
storage needed. The minimum values are printed when computed. If one
desires to change nl1 and/or aml, it must gc done only at the start of a
steady-state run (istate = ).

The required values for the following variables are internally computed dixrmg initialization
wor a problem, 1If the input values are too small, the run will terminate with a message
indicating the proper size for these variables.

nnon0 Number of matrix non-zeros.

nnzero Number of matrix non-zeros when using YSMP,
nspace Wark space size when using YSMP.

ilmax Maximum number of surface elements on any surface.

(2*max (imax jmax, kmax))

A.4.2.1 Restart Option

When dfres is set to either 1 or 8, there are two ways to force the code to write a
restart file. The first is to specify the amount of CPU time in seconds allowed for the run in
the variable trest. The amount of CPU time used is checked at the end of each iteration
using the Sun FORTRAN library rout'ne dtime If the number of CPU seconds is less than
trest, another steration is performed. If not, a restart file is written. Both ntmax and
timax must be set to large values when using this opiion. The second way to obtain a
restart file is to set ntmax or timax to a simulation time step or simulation time that will
be reached belorc the trest seconds of CPU time have been used. A restart file will be
written at this time step or time. After a restart flle is written, execution terminates.
When restarting from a previous run, make sure that istate is set to the appropriate value.
Also, it 1s advisable to delete all input for variables that one does not intend to change. In
some cases, variables will be reset to their initial values {f the input specification remains in

the input stream. In short. the minimum input necessary is the correct input for restart
cases.
ifres 0 New case with no restart written. (*)

1 New case with restart written to unit 10,

2 Restart of previous run read from unit 9 with no restart written.

3 Restart of previous run vead from unit € with restart written to unit 10.
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itibug O No convergence information is printed.

1

Convergence information is printed at every Iteration.

The defaults for the following two values are 1| when istate = 0, and O when istate = 2.
In other cases, these variables are ignored.

newts

newfor

0
1

0
1

No new thermal structure input s read.
New thermal structure information is read if 4struc = | and istate = 0 or
istate = 2.

No new force structure information is read.
New force structure information is read |f nforce > 0 and istate = O or
istate = 2,

A.4.3.1 Time- and Time-Step-Related Paramelers

dat (1)

at (2)

idtime

stimer

lastdt

ntheon

ntmax

rdtime

timax

2D

<0

Time-step size for time-steps 1 through lastdt, s. (0.1). This value Is used
only If 4dtime = 0.

Time-step size for time-steps after 1astdt, s. (0.1). This value is used only
if idtime = O.

The time-step size is taken from the user-specilied variable dt.

The time-step size is computed internally as the product of the largest
allowable time increment given the conditions (Courant time-step size) and a
user-specified variable, rdtime. (*)

No subroutine timing information is shown. (*)
Subroutine timing information summary.
Subroutir timing information is shown after every call.

This variable in combination with dt allows the user to change the time-step
size during a run. The time-step size for all time-steps through lastdt is
taken from dt(1). After step number lastdt , the time-step size is taken
from dt (2). (99999) This value is used only (f idtime = O.

Up to 10 values to specify the time-step numbers to call subroutine
gdeonv to calculate convergence criteria and the allowable time-step size,
The following are acceptable values of ntheon !

No further calls to gdeconv .

Time-step number for which gdconv is called. After the nth positive time-
step number in ntheon has been processed, the (n + 1)th value of ntheon 18
used to determine subsequent calls to gdconv.

A value of -n indicates that gdeonv is to be called every nth time-step. No
subsequent values of ntheon are considered. (-1) See ntprint and ntplot
for examples.

The maximum time-step number for this run. Normal termination occurs
after completion of this time step. (99999)

The time-step size Is computed Internally as the product of the largest
aliowable time increment given the conditions and the variable, rdtime.
(0.8) This value I8 used only if 4dtime = 1.

The maximum time of this run. Normal termination occurs alter this time
has been reached, s. (3.6E+7) Timax refers to the simulation or problem
time, not the computer CPU time needed to run the problem.
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COMMIX-1C calls the Sun FORTRAN Library Routine dtime to obtain the
elapsed run time In seconds for the calling process. When, at the end of an
iteration, this elapsed time exceeds trest, the calling process is terminated
after optionally wrlu{x\%l a restart file. (3600.0)

Initial time, 8. (0.0) Is value should be reset to zerc at the beginning of a
transient run, istate = 2,

A.4.3.2 lteration Control Parameters

The general definitions and default values of control parameters are given in this
section. For additional information, see Sec. A.5 "Control Parameters at a Glance” and Sec.
A.6 "Steady-State Delinition."

epsl
epsl
eps3
epsd
ie (1)
it(2)
itmaxp
itmaxe

lastit

omega

omegae
omegar
omegav

relaxe

Convergence criterion parameter, (1.0E-4)

Convergence criterion parameter. (1.0E-6)

Convergence criterion parameter. (5.0E-5)

Convergence criterion parameter. (1.0E-5)

Number ol lterations for time-steps 1 through lastit. (10)

Number of lterations for time-steps after lastit. (10)

Number ol iterations in the pressure {teration loop. (99)

Number of iteraticns (n the energy iteration loop. (99)

This variable, {n combination with it, allows the user to change the number
of iterations per time-step during a run. The number of iterations for all
time-steps throvgh lastit Is taken from 4t (1), After step number
lastit, the number of {terations Is taken from 4t (2). (99999)
Relaxation factor for the SOR pressure solver, (1.5)

Under-relaxation factor for the energy equation coefficients. (0.8)
Under-relaxation lactor for the density. (1.0)

Under-relaxation factor for the momentum equation coefficients. (0.8)

Relaxation factor for the SOR energy solver. (0.95)

A.4.3.3 Boundary Condition Types

All external surfaces must have a velocity-boundary condition type and a temperature or
heat-flux boundary condition type. Internal surfaces may also be assigned boundary
condition types.

kflow(n)

O Gam

Type of velocity boundary condition. (The default for all nsure surfaces is 1)
Continuative mass flow outlet,

Unliform veloclty ocutlet.

Free slip boundary.
Continuative velocity outlet.
Continuative momentum outlet.
Sol.d wall.



Wall Mode!

11 N X
Uniform
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veloc(n) Initial velocity at surface n in the direction indicated by xnorml (n),
ynorml (n), and znorml (n), m/s. (0.0)

temp (n) Initial temperature for surface n, °C. (0.0) For a constant or transient heat-
flux boundary, temp(n) contains the heat flux, W/m?2. (C.0)
pres(n) Initial pressure for surface n, Pa. (0.0}

A.4.3.6 Unitorm Cell Initialization

-

The following variables allow easy specification of uniform cell temperatures and
pressures. Nonuniform distributions can be specified by using the Cell Initialization
iecords.

temp0 Initial temperature of all internal cells, “C. (0.0)

pres0 Initial pressure at the pressure reference peint located at (xpres0O,ypres0,
zpres0), Pa. (1.01353E+5) The default pressure initialization computes the
static head using the density evaluated at temp0, and pres0. The initial
static head pressure at any point is computed with respect to the pressure
reference point.

xpres0 x-coordinate of the pressure reference point, m. (0.0)
ypres0 y-coordinate of the pressure reference point, m. (0.0)
zpres0 2-coordinate of the pressure reference point, m. (0.0)
gravx X-component of gravity vector, m/s+ (0.0)
gravy Y-component of gravity vector, m/s?. (0.0)
gravz z-component of gravity vector, m/s? (0.0}

A.4.3.7 Fluid-Structure Heat Transfer

Fluid-structure heat transfer (g) is computed as follows:
g=A*h* (Ts-Tf)
where
A Is the area,
b is the heat transfer coelficient,
Ts Is the temperature of the structure, and

T¢ is the temperature of the fluid.

Heat transfer coefficient ah, which is specified by the input variables ihtwal (n) in the
Wall Model section and iht in the Thermal Structure Fluid Namelist, is deflined by three
input parameters:

ihtecor (nh) Heat transler coefficient correlation number,
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htelen (nh) Characteristic length.

htemul (nh) Heat transfer coefficient multiplier.

When the correlation number, 4htecor (nh), Is in the range of 1 to 10, then the heat
transfer coeflicient, h, is defined as follows:

h = htemul (nh)*Nu*k/htclen(nh)

where
i¢ = 4ihtcor (nh),
Nu = Dbeatcl(ic)+heatc2 (ic)*Re**heatc3(ic)*Pre*heatcd (ic),
Re 15 the Reynolds number,
Pr is the Prandtl number, and
heatcl (i¢) I8 the Nusselt number coeflicient,
Because the Nusselt number, Nu, must always be positive,
heatecl (4c) should be positive to accommodate a zero-flow situation (5.0),
heateZ (4c) is the Nusselt number coefficient (4. 02E-4),
heatc3 (4¢c) is the Nusselt number coeflicient (0.8),
heatcd (ic) 1s the Nusselt number coeflicient (0.0), and

k is the fluld conductivity.

When the correlation number, ihtcor (nh), Is in the range of 11 to 20, the heat transfer
coellicient, n, s defined as follows:

h = htcmul (nh)*heatcl (dc)+

heatec? (i¢c)*Re**heatcl3 (dc)*Pr**heatcd (1)

where

ic = d4ihtcor(nh)=-10.
A.4.3.8 Material Properties

Material properties are needed when modeling the fluld in the computational cells
imatype) and, optionally, walls (matwal(n)). The values of matype and matwal (n) may
be any integer from 1 to 24. When the value is In the range of 1 to 20, the material

properties are computed from the fast-running simplified approximations to the state
equations given below.

Conductivity in W/(m.°C)

cond = cOk(ma)+clk(ma)*tc+cl2k(ma)*tor*2
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Density in kg/m?

dense

= c0ro(ma)+clro(ma)*tc+c2ro(ma)*Pa/tk

Enthalpy in J/kg

enth

= cOh(ma)+cih(ma)*toc+c2h(ma)*Le**2+4c3h(ma)*Pa

Saturation pressure In Pa

psat

= exp(cOp(ma)+tcrclp(ma)+terterclp(ma))

Viscosity in Pas

visc

= oO0mu(ma)+cimu(ma)*tc+c2mu(ma) /tk

Molecular welght of material ma

molwt = wtmol (ma)

where

tc is the temperature in °C,

tk is the temperature in K,

Pa is the pressure in Pa, and

h is the enthalpy in J/kg.

matype

21
22
23
24

mattab (nm)
tablot (nm)
tabhit (nm)

Coded value of material type. The following values of matype are associated
with rigorous equation-ol-state subroutines. This list may be expanded with
little dilficulty by users having more accurate equation-of-state subroutines
for their materials.

Water liquid

Water vapor

Sodium liguid

Sodium vapor

To allow the user to spot-check property values, a small table is printed for
each of the material types listed in the variable mattab, with five tempera-
ture values ranging from the corresponding entries in tablot to tabhit at
a pressure of pres0. Fluld property values are printed when mattab is less
than 100. Solid material properties are printed when mattab is set to
100+material type. For example, one could obtain a table of property values
computed from the coelficlents ¢0Ok (1), elk (1), e2k (1), cOro (1),
clro(l), e2ro(l), eOh (1), . . . etc., over a temperature range of 500.0 to
900.0°C and a table of liquid-water property values over the range of 20.0 to
90.0°C by including the following inpul i{n namelist/data/:

mattab = 1,21,
tablot = 500.0,20.0,
tabhit = 900.0,90.0,

The default value for each of the above three variables is zero; thus no
property tables are printed unless these values are specilied.

A.4.3.9 Transient Functions

All transient driving functions are input into the following three variables They must
be Input at the beginning of the transient (istate = 2) even if they have been Input



previously. [Each function is defined by a user-specified set of points. Cubic-spline-fit
coefficlents are then generated in subroutine fitit. Fifty equally spaced values are
printed to allow the user to check the adequacy of the input distribution. Ten to fifteen
values with points concentrated at rapidly changing y-values should be adequate. Currently,
the total number of points allowed for the specification of transient functions is 100.

tval (np) The independent variable, usually time, for the transient functions,

fval (np) The dependent variable for the transient functions. The first value of the
second function tmmediately follows the last value of the first function. The
same pattern 1ust be f{ollowed for all subsequent functions. Make sure that
the entire range of the function used lies within the range input because the
fitting routine does not extrapolate. Discontinuities are indicated by
specifying the same X-coordinate twice with the same or different Y-
coordinate values.

nend(nf) The number of points in the nfth transient function,

ntots To simplify thermal structure input 'a certain cases, the heat-source
transient function numbers can be overridden in namelist/data/. These
values are inpul into the variable ntots (n the order that the thermal
structure prototypes were deflined. Any values specified in ntots will
override all other input and previous values. If no values of ntots are
defined, no changes to the heat-source transient function numbers are made.

nofgqt Number of the transient function used as a multiplier of the heat source for
the coolant when thermal structures are present and as a multiplier of total
heat source when no thermal structures are present.

ntplot Up to 25 values to specify when plotting information is to be written to unit
76. The following are acceptable values of ntplot:
0 No more plotting information Is written to unit 76, (%)

>0 Time-step number for which plotting {nformation is written to unit 76. Alter
the nth positive time-step in ntplot has been processed, the n+1th value
of ntplot is used to determine which subsequent time-steps are written to
the plot file,

<0 A valve -n indicates that information is written to unit 76 every nth time
step. No subsequent values of ntplot are considered. Example: ntplot =
-5 indicates that every fifth step is to be processed. ntplot = 5,10,-20
indicates that steps 5, 10, 20, 40, 60, etc., are to be processed. ntplot =
10,20.0 indicates that only steps 10 and 20 are to be processed.

A.4.3.10 Force Structures

The force structure is a mechanism whereby a drag or resistance force (in Pa/m) can
be applied to a fluid flow acruss a cell face between two computational cells. The locadon of
vach force structure, ng, is specified in the Force-Structure Specification Records. The
generic force structure applies a resistance of one of the following forms:

dpdx = ~forcef(nf)*rl*abs(ul)*ul*fcorr/clenth(nf),
dpdy = ~forcef(nf)+*rlrabs(vl)*vi*fcorr/clenth(nf), or
dpdz = -~forcef (nf)*rl*abs (wl)*wl*fcorr/clenth(nf),

where
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Pressure Relief Valve

A pressure reliefl valve can be modeled by specifying a force structure with a correlation
index of the form 'vvee', where 'wv' is the valve number, nv, ranging from 1 to 19, and
‘en' is the correlation index. Associated with each valve, nv, are the following variables:

ivalve (nv) The state of valve nv. A value of 1 indicates that the valve is open, and a value
of 0 indicates that the valve s closed. (0)

dpopen (nv) The pressure gradient between two cells at which a closed valve opens, Pa.
(1.CE+20)

dpelos (nv) The pressure gradient between two cells at which an open valve closes, Pa. (-
1.0E+20)
Note: The pressure gradient between two cells is computed as p(4, 3, k) -
p(i+1, 4, k) for x-direction valves, p(4,3, k) -p (4, 3+1, k) for y-direction
valves, and p(4,9,k)-p(4, 3, k+1) for z-direction valves.

When a valve is closed, a very high resistance is applied across the cell face. When a valve is
open, a resistance can be applied in one of two ways:

By specifying a correlation index ¢ in the range of 1 through 20, one can apply a
generic force structure, as defined above. When choosing this option, the user can

specify:

reylen(nf)
clenth(nf)
reytrn (ic¢)
acorrl (i¢)
beorrl (ic)
ccorrl (4¢)

= 1.0,

= alpha, the local volume porosity,

= 1.0E+10,

= 1/vis, where vis is the local viscosity,
= -1.0, and

= 0.0

The resistance is then given by

-forcef (nf)*wl,

where wl is the local velocity.

Alternatively, one can specify a force correlation of 70, and the valve velocity will be
computed automatically according to the valve velocity model.

Several other specific structures can be modeled by including a force structure with one of
the correlation Indices listed in the next section.

Force-Structue Library

Several other specific structures can be modeled by including a force structure with
one of the correlation indices listed below.

icorr(nft)
5

dP/dx proportional to velocity (u).

60 dP/dx proportional to mass flux (ro*u).
61 Speciiled mass {lux. ro*u = forcef (nf).
90 CRBR fuel assembly.

91 CRBR blanket assembly.
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92 DRHX (Direct Reactor Heat Exchanger).
93 CRBR chimney assembly.

94 FFTF pin bundles.

95 CRBR control assembly.

96 Axial flow through vertical rod bundles.

forcef (nf) Force coeflicient multiplying the resistance computed for the specific
structure.

reylen (nf) When axial flow through vertical rods (correlation index 96) ts modeled, this
value defines the length used to compute the Reynolds number,

A precise description of the resistance being modeled can be found in ‘he source code for
subroutine forces or in the document titled Some Resistance Correlations for COMMIX
Users, by Sha and Shah, Argonne National Laboratory Report ATHRP-13 (April 1983).

A.4.3.11 Turbulence Modeling

In all of the following turbulence models, an effective viscosity is u~ed in the diffusion
term of the momentum equation, This effective viscosity is the sum of the turbulent
viscosity and the molecular viscosity. Similarly, an effective thermal conductivity {s used in
the diffusion term of the energy equation, which is likewise the sum of the turbulent
thermal conductivity and the molecular thermal conductivity.

Constant Turbulent Ditfusivity Model
The turbulent viscosity and turhulent conductivity are assumed constant everywhere.

iturke O Turbulent kinetic energy flag must be zero. (*) Note: The variable iturke
must be input in namelist/geom/.

turbv Turbulent viscosity, Pa.s. (0.0) This can be set to sL.iae non-negative value.

turbnz Turbulent conductivity, W/(m-°C). (0.0)

Two-Equation Turbulence Model!

This is the most widely used turbulence model for practical engineering problems.
Both the equation for turbulent kinetic energy, tk, and the equation for dissipation of
turbulent kinetic energy, td, are solved. Wall-function corrections are applied to cells
adjacent to solid walls for both the turbulent kinetic energy equation and momentum
equations. Turbulent viscosity is computed with the following equation;

turvis = cdturb*ro*tk**2/td
where
edturdb Is the coelficient for computation of shear stress near the wall,
ro is the local density,

tk is the local turbulent kinetic energy, and
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Up to 50 time-step numbers al which subroutine eutput is Lo be called.
The following are acceptable values for ntprat:

No more calls to output. When restarting, previous specification of ntprat
values may be overridden by speclfying the desired new values followed by a
Zero in ntprnt.

Thne-step number for which subroutine output is to be called. Aflter the
ath positive time-step in ntprat has been processed, the (n+1)th value of
ntprat Is used to determine subsequent calls to output.

A value -n Indicates thal subroutine output Is called every nth time-step.
No subsequent values of ntprat are considered.

subroutine output is called just belore the run is terminated. (4

ntprat = O indicates that after Initialization, subroutine output I8 never
called.

ntprat = 5,10,-9999 Indicates that subroutine output Is calied at steps
5, 10, and just belore termination.

Up te 50 times (problem time In seconds) at wiich subroutine output I&
to be called. Acceptable values of tprnt filow:

No more calls to subroutine outprt. (*) When restarting, previous
specification of tprint values maoy be overridden by specilying the desired
values folicwed by a zero in tprint.

Times at or after which subroutine output Is to be called. When or after
the nth positive time in tprat has been processed, the (n+1) th value of
tprat Is used (o determine subsequent calls to output.

A value of -T indicates that subroutine output is (o be called at T-second
Intervals. If the nth value is negative, the (n+1)th value stores the next
thne value at which output is to be called. This is nominally set to zero, but
can be specified by the user. No subsequent values of tprat are considered.
Example: tprat = 1.0,5.0,-10.0 indicates that output Is to be called at or
after times 1.0, 6.0, 10.0, 20,0, . . ..etc. tprat = -5.0,10.0 indicates that
output is to be called at times 10.0,15.0.20.0,. . .. etc.

Variable Specification

Up to 50 coded values that speclly the arrays to be printed in the first call to
subroutine output. (0)

Up to 50 coded values that specify the arrays (o be printed in all calls aller
the first call to subroutine output. For internal arrays, each value of
istpr and nthpr is a signed six-digit integer of the form ‘svvpllil’ that
Is coded according to the rules listed below,

Cell Cutput

vy

Only the plane specified by 'plll' is printed. (*)
A plus sign s assumed and need not be specified.

All planes between the values of '111' on the current and following
values of istpr or nthpr are printed.

01
02
03
04
05
06

ul
vl
wl
hl
ti
al

U-component of velocity, m/s,
V-component of velocity, m/s.
W-component of velocity, m/s.
Enthalpy, J/kg.

Temperature, °C,

Volume porosity.
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07 r1 Density, kgia®.

08 p Static pressure, Pa,

09 di Residual mass, kg

10 alx X-direction surface porosity.

11 aly y-direction sur{ace porosity.

12 ale g-direction surface porosity.

13 rlold Density at previous time step, kg/m?.
14 tk Turbulent kinetic energy, J/kg.

15 gsour Volumetric heat source W,

16 p-pold Prussure change from last step, Pa.

17 p-pstatd Pressure minus initial static pressure, Pa.
18 rmu Molecular viscosity, Paes.

19 p-pres0 Pressure minus initial pressure, Pa.

20 turcon Turbulent conductivity, W/(m.°C).

21 turvis Turbulent viscosity, Pas.

22 rcon Molecular conductivity, W/me“C,

23 wlold U-component ol velocity at previous step, m/s.
24 vlold V-component of velocity at previous step, m/s.
25 wlold Ww-component of velocity at previous step. m/s.
26 bold Enthalpy at previous step, J/Kg.

27 pold Static pressure at previous step,Pa.

29 vfluid Fluid cell volume, m?

30 aflux x-direction cell face area, m?

31 afluy y-direction cell face area, m?

32 afluz z-d'rection cell face area, m?

37 td Dissipation of turbulent kinetic energy, W/kg.
40 Aforce Coded entries of force structures.

41 drdp d(density)/d(pressure), (kg/m3)/Pa.

42 drdh d(density)/d(enthalpy), (kg/m3)/(J/kg).

43 flowx Mass flow across x-face, kg/s

44 flowy Mass flow acioss y-face kg/s

45 flowz Mass [low across z-face, kg/s

46 eke Kinetic energy, J/kg

47 ekeold Kinetic energy at previo.s time step, J/kg

48 x-direction mass flux, kg/.n*s.

49 y-direction mass flux, kg/n.%s.

50 z-direction mass flux, kg/m* s.

p 1 An l-plane is printed.
2 A J-plane is printed
3 A E plane is printed,

111 Specific plane to be , inted. If s is '+, only one plane is indicated. If
s is - the '111' values in the current and next values of istpr or
athpr indicate the range of planes to be printed.
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Thermal Structure Output

For thermal structure information, each value of Lstpr and nthpr s a signed six-
digit integer of the form 's8annnn' (hat is coded according to the following rules:

¢+ Only structure number 'nnann’ is printed. (*)
A plus sign 1s assumed and need not be specified.

- All structures between the values of 'annnn' in the current and
following values of istpr and nthpr are printed.

annnnn  Specific structure to be printed. If 8 Is '+', only one structure is indicated. If
8 is ', the 'nnnnn' values in the current and next values of istpr or nthpy
indicate the range of surfaces to be printed,

Surface Element Qutput

For surface arrays, each value of 4stpr and nthpr is assigned a six-digit integer of the
form 's9vvlll' that is coded according to the following rules:

8+ Only the surface number '111' s printed. (*)
A plus sign Is assumed and need not be specified.

All surfaces between the values of '111' {n the current and
following values of 4stpr or nthpr are printed.

vy 01 velbn  Normal surface velocity, m/s.
02 gbn Normal surface heat flux, W/m?
03 mb Adjacent internal cell number,
04 blb Surface enthalpy, J/kg.
05 tib Surfac. temperature,°C,
06 area Surface clement area, m?,
07 rlb Surface density, kghn?,
09 i3k Adjacent internal cell indices. Each value is of the

form ‘1433kk‘, where 44 is the 4 index, 44 is the
3 Index, and kk is the k index.

16 qbn/ (t1b-tl), W/(m.°C),
15 flowb  Mass flow rate, kg/s.

111 Specific surfoce to be printed. If s is '+', only one surface is indicated. If s is
', the '111' values (n the current and next values of istpr or nthpr

| indicate the range of surfaces to be printed.

Example: 4stpr = 061005,-103001,-1030085,

nthpr = 011005,-023001,-023005,901001,-905001,-9050085,
indicates that the first call to output will print the 4 = 6
plane of volume porosity and k-planes 1 through 5 of the
X-directlon surface porosity. On all subsequent calls, to
output, the I = § plane of the u component of velocity, k-
planes 1 through 5 of the v component of velocity, the
boundary velocity for surface 1, and surface temperature
for surfaces 1 through 5 will print.



Output Format Control

ncolum The number of columns to be written in the tabular output. Valid values for
neolum are 8, 9, 10, and 11. The formats used are (ip, 8e13.6),
(1p,9ell &), (1p, 20810 3), and (ip, 11e9.2). (10)

iikre A three-digit binary number that determines the row/column orientation of
tabular output. The table below gives the acceptable values. (101)
1-plane Indices J-plane Indices K-plane Indices
Row  Column Row Column Row Column
000 3 k k i i 3
001 3 k k '\ 3 i
010 3 k i k i 3
011 3 X L K 3 i
100 k 3 K i i 3
101 k 3 k A 3 i
110 k 3 i k i 3
111 k 3 i k 3 i

A.4.4 Boundary Surface |dentification Records

These records must be | esent only at the start of steady-state runs (istate = 0). The
purpose of this section is to specify a set of boundary surfaces that completely enclose the
computational region and to define any other boundary surfaces inside the computational
region. These interior boundary surfaces must completely surround a surface, a cell, or a
group of cells, To completely surround a surface, one must specify two boundary surfaces
with normals in opposite directions. A single-sided boundary surface Is not allowed in the
interior of the computationai region. Also, be sure that all specified surfaces bound
computational cells. Each boundary surface is defined by specifying one or more Boundary
Surface Identification Records, each of which contains the following variables in format
(ad,£10.3,744):

name area ib ie 3b je kb ke n

name
reg ‘The surface is regular. Regular surfaces lie on grid planes.
ireg The surface is irregular. Irregular surfaces do not lie on grid planes.

area Regular Surfaces
<0.0 The area of each surface element of cell (4.4.) is set to the product of its
actual geometrical value, either dx (4)*dy (3), dy(3)*dz (k) or
dx (1) *dz (k), whichever is appropriate, and abs (area).
»0.0 The arca of each surface element of cell (1.3.) is sel L0 area.

area Irregular Surfaces
0.0 The absolute value is the slant length. The area of each surface element is
set to slant length * delt , where delt corresponds to dx, dy, or de and
is determined by the respective zero-niormal vector component,
0.0 The area of each surface element of cell (4,3.) is set to area.

ib, Lt These six variables are the beginning and ending 4-, 3-, and k-indices that
ib, je define a rectangular solid composed of one or more cells. The rectangular
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kb, ke

solid that defines or partially defines a surface is the one adjacent to and on
the side pointed to by the surface normal. (Keep in mind that the surface
normals xnorml (n), ynorml (n), and snorml (n) (o surface n always point
into the computational reglon.) The intersection of each cell and the surface
defines a surface element.

The surface number. All surfaces with the same combination of the following
three chiaracteristics can be assigned the same surface number:

1. Veloelty boundary condition.

2. Temperature boundary condition.

3. Unit normal vector to the surface.
Note 1: It is possible for two surface elements to e in the same surface and
have either the same or dilferent surface numbers. as well as for two surface
elcmaﬂa to lie in different surfaces and have the same or different surface
numbers
}ﬂ?lte 2: The order of the Boundary Surface Identification Records must be as
ollows:

1. All 4reg records (irregular surfaces) must precede all reg records

(regular surfaces).
2. The surface numbers, n, of all 4reg records and reg records must Le
In the order of increasing value.

Note 3: When cylindricu. powuviry (4geom = -1) Is used, a surface must be
specified at the origin when computational cells are bounded by the origin.
When an annular region is being modeled, a surface should not be defined at
the crigin but rather at the boundary of the first (counting from the center)
computational cell. Set xflow(n) = -3 and ktemp (n) = 400 for surfaces
defined at the origin,
Note 4: When cylindrical geometry (igeom = -1), is used. with 2n radians, J
® 1 and 3 = jmax are automatically linked; thus, no surfaces need be delined
aly =00 and y = 2%

A.4.5 Cell Initialization Records

The purpose of this set of records is to permit initialization of internal cell values of any
of the arrays listed below. Uniform temperatures can be more easily specified with the
variable temp in namelist/data/. Each line in (his section contains the following
variables according to the format (a4, £10.3, 6id):

name
al

hl
pold

td
tk
ti

rval

name rval 4ib de 3b je kb ke

Volume porosity, the dimensionless ratio of the fluid volume in a cell to the
total cell volume. (1.0)

Enthalpy. J/kg.
Pressure, Pa

Volumetric heat source per compuiational cell volume
ax (4) *dy (3)*de (k), W/m?. (0.0)

Dissipation of turbulent kinetic energy, J/kg.
Turbulent kinetic energy, J/kg,

Temperaiure, °C. (0.0)

The value to be assigned to the variable named.
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rodfr Rods or cylindrical thermal structures:

>0 Nq:nber or fraction of actual rods interacting with each associated coolant
Ccel.

<0 The absolute value is the number or fraction of rods per unit area (m?)
normal to the axis interacting with each associated coolant cell.
Slab thermal structures:

>0 Slab area in each associated coolant cell, m#,

<0 The absolute value is the slab area divided by the cell area. This value is
equivalent to a solid porosity for the structure.
Spherical thermal structures:

>0 Number or fraction of spheres Interacting with each associated coolant cell.

<0 The absolute value is the number or fraction of spheres per unit volume (mY)
interacting with each associated <oolant cell.

oute Thermal-structure outer radius, m. Not used for slab-type thermal
structures.

A.4.9.2 Fluid ~ namelist/t/

int Heat transfer coeflicient index. This value is used as the index, nh, in the
calculation of the heat transfer coefficient described in the Fluid-Structure
Heat Transfer section of namelist/data/.

A.4.9.3 Material - namelist/m/

mi Material type index. This value is used as the index nm described in the
Material Properties (Solids) Section of namelist/data/.

np Number of partitions in the material. A thermal-structure temperature will
be computed for each material partition.

dr Partition stze, m,

q Valumetric heat source for the material region, W/m?,

The following gap properties must be correctly speciied or defaulted only when another
material follows. If a fluld follows, the gap properties are ignored.

sgap Gap size, m. (0.0)
hgap Gap heat transfer coefflicient, W/(m?.°C). (1.0)

A.4.9.4 Thermal-Structure Location Records

This section is included if and only if 4struc = 1and » «ts = 1 in namelist/geon/,

Once the thermal-structure prototypes have been defined, the location of the thermal-
structure elements are specified by the Thermal-Structure Location Records. These
records contain the following variables in format (a4, 744):

loc num ib ie 3b je kb ke
loe out The specified cells Interact with the outside or surface 1.
in The specified cells interact with the inside or surface 2.
num Thermal-structure prototype nuvmber.
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A.7 Error Messages

If something can go wrong, it will, and usually at the worst possible time.
.+ « Murphy
When an error condition is sensed by COMMIX-1C, an error code is printed, along with
a brief error message. The following table gives a listing of the error codes and an

expanded interpretation of the error condition. In many cases, relevant information is
printed out in the line(s) before the error message block.

adO1 Changes In nm1, nll, imax, jmax, and kmax are not allowed when restarting (41fres
=20rifres = 3).
badl An invalid input parameter has been encountered while initializing cell or surface
element values. Numerous conditions can cause such an error; some of them are
listed below, One of the following necessary conditions has not been satisfied:
1l <= 4ib <= imax, | <= ie <= imax,
1 <= b <= dmax, | <= je <= jmay,
1 ¢= kb <= kmax, | <= ke <= kmax,
ib <= le, ib <= je, kb <= ke,
0.0 < volume porosity (al) <= 1.0, or
0.0 <= surface porosity (alx, aly, alz) <= 1.0
The offending line is either printed above the error message box or is indicated
with the following string printed at the right of the line:

‘«-**ERROR**
In both cases, the input line is ignored

ba02 The surface indicated on a Surface Element Initialization Record has no surface
element or area

bo0O1 One of the indices of the above Boundary Surface Identification Record is outside
one of the following ranges:

]l €= 4 <= imax, 1<= <= jmax
|l <= k <= kmax, 1 <=n<=nsurf

or one or more of the beginning Indices s greater than the corresponding ending
index, i.e.,

ib > ie, ib > je, or kb > ke.

bo02 On Boundary Surface Identification Records, surfaces must be specified so that
surface numbers are in increasing sequential order,

bo03 Surface specification input error,

bo04 On Boundary Surface Identification Records, surfaces must be specified, with all
irregular surfaces preceding regular surfaces.

bo05 While processing the record printed above the error box, a surface element was
found to be spectfied as contained in two surfaces.

bo06 Surface specification input error.



bo07

bo08

g0l

dcO1}
dc02
de03
dcOb

dc06
dcO6
dcO7?
er0l

fmO1
fm0O2
fm03
fm04
fm05
fm0O6

fm0O7

fmO8

fm09

fm10

fmll

fo01
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The number of surface elements has exceeded (he value of nll as specified in
namelist/aata/. Il the input value is correct. check the Boundary Surface
Identification Records for possible errors.

The number of cells has exceeded the value of nml as specified in

rnamelist/data/. If the input value is correct, check the Boundary Surface
Identification Records for possible errors.

Conjugate gradient option will not work for a cylinder with less than three angular
divisions if cylindrical wraparound exists.

idtime = O or 1

iftmom = O or 1.

ifener = 0 or 1.

Incorrect values have been specified for 4seten and/or isetmo. See
namelist/data/ for a description

O <= istate <= 3

0 <= istate <= 3.

iskews= 0 or 2.

Only 15 calls to exrors are allowed belore termination This number can be
increased by changing the value of ncalls in subroutine errors.

The Boundary Surface Identification Records have defined a single-sided interior
boundary surface between the indicated ¢+« Check that all surfaces you have
defined bound computational cells. Also L sure that any interior surface has
computational cells on both sides. Reread the Boundary Surfuce Identification
Records input section and check your input. Execution continues, but, subseguent
resulls are questionable.

Time has run out while att ' mpting to number the cells in £41dm. This probably has
been caused by an input ¢ ror in the Boundary Surface ldentification Records. The
maximum time allowed (currently 1000 seconds) can be changed in £i1lm.

One of the following Indices is outside of the expected range:
le=4 <= imax, 1<= 3 <= jmax 1 <= k <= kmax

This error usually occurs when the Boundary Surface Identification Records have lelt
a hole in the boundary. Recheck the Boundary Surface Identification Records for an

undefined or incorrectly defined surface. and see Sec. A9 (“Finding Holes in the
Boundary®).

The total number of cells counted in £411m has exceeded the upper bound of
imax* jmax*kmax. Recheck the Boundary Surface Identification Records.

Excessive wraparound in the theta direction. Recheck the Boundary Surface
Identification Records. Also ensure that all surface normals are pointing into the
compulational domain.

The number of celis has exceeded the value of nm1 as specified In

namelist/data/. If the input value is correct, check the Boundary Surface
Identification Records for possible errors.

Invalid initial vaive position has been reset to closed (0).

---------- S— SIS NNIRRERRRRINewe~.~
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An invalid valve position was specified in the variable dvalve. Execution continued
after setiing dvalve = O and force = -1 0E+20.

A negative velocity was returned from the subroutine to determine the velocity
through a valve. Execution terminates.

An invalld correlation was specified for a force structure, Execution continues after
setling eforce = -1.0E+20.

Ageom = 0 or ~1.

0 <o dtres <= §.

0 <e dtimer <= 2.

0 <= dmax <= 98

0 «= Jmax <= 99,

0 <= kmax <= §§.

Oe<nsurt.

dstrue = O or 1.

ax (1), @y (3), and @z (k) must be nonzero for | = | through dmax, 3 = } through
dmax, and k = 1 through kmax.

The length of the normal vectors defined by xnorml (n), ynorml (n), and
gnorml (n) must be within 1% of 1.0 for irregular surfaces.

The length of the normal vectors defined by znerml (n), ynorml (n), and
gnorml (n) must be within 1% of 1.0 for regular surfaces.

A heat transfer coefficient index of zero has been found. Review the values of 4bt in
namelist/¢/ of the Thermal-Structure input.

An invalid (nput record has been encountered in subroutine infore while
reading the Force-Structure Specification Records. The first fleld must contain
either ‘sfor’, ‘'yfor, or ‘efor. The following restrictions also apply:

(€ 4b = 4@ <= imax,

0« 3b <= jJe <= Jmax,

0 « kb <= ke <= kmax, and
0 ¢« nf <= nforce.

The invalid record printed above the message is ignored, and execution continues.

A previously defined force-structure location has been overwritten. In the
preceding lines, the first field shows the cell face on which the force structure was
being defined, and the second field is the force-structure number, followed by the
cell indices. The last force structure defined at a cell face will be the one that is
used.

Incorrect values have been specified for 4seten and/or dsetmo. See
namelist/data/ for a description,

Istate has been found to be 0 while attempting to restart from a previous run. It has
been reset by the code to 1. Verify that this is an acceptable fix. Execution
continues,

New thermal structure input will be read. All previous thermal-structure
information from previous runs will be ignored,



in04

in0%

in06

1801
1802

1803

1804

1805
opO1

op02

op03

opO4

op05

pi01
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New force-structure information will be read.  All previous force-structure
information from previous runs will be ignored.

¥11 and nml must not be specilied (n namelist/geom/ when restarting from a

previous run with dstate » 0. They have been reset (o the old values. Verify that
this is acceptable

The transient duct wall temperature boundary condition is not available in this

version. Use ktemp (ns) =400 and Thermal Structures to model equivalent thermal
effects.

The Thermal-8tructure Location Record printed above the error message box
includes a cell within the ranges of the indices but that is not a valid computational
cell. The indices of the invalid cell are printed after the Thermal-Structure
Location Record. This cell s ignored and execution continues. The resulls that
follow are likely to be incorrect.

When computing areas and volumes of the partitions of the thermal-structure
material regions, an inner racdius was found to be less than -1 OE-4%utr, where
outr was the outer radius as specified on the Type record. Check the thermal-
structure input for eutr, dr, and np. Il no errors are found here, check the entire
input for the thermal-structure prototype. The negative radius is reset 1o zero, and
execution continues. See the following error (1s04) for a list of the variables printed
above the error block.

When computing areas and volumes of the partitions of the thermal-structure
material regions, an inner radius was found to be larger than the outer radius.
Check the thermal-structure input. The tnner radius s reset to the outer radius,
and execution continues. The parameters printed above the error block are n
structure number, 4reg - region number, 4par - partition number, outr (n) - outer
radius, dr - region size, rout - outside radius, and ren - Inner radius.

The heat transfer coeflicient number has been incorrectly specified in the Thermal-
Structure delinition.

The value printed s an invalid value of 4stpr or nthpr. The value Is Ignored, and
processing continues.

A value greater than 50 for vv in either 4stpr or nthpr has been encountered while
printing cell arrays. This value is not currently defined. The value is ignored and
processing continues

Wiille attempting to print a surface array, an invalid value of Lstpr or nthpr was
encountered. The value Is ignored, and processing continues.

A value of 08 for wv in either 4stpr or nthpe has been encountered while printing
surface arrays. This value is not currently defined. The value is ignored, and
processing continues.

A value in the range of 11 to 20 for vv in either 4stpr or nthpr has been
encountered while printing surface arrays. This value is not currently delined. The
value 18 Ignored, and processing continues.

An invalld value of neolum has been encountered while printing integer arrays.
Neolum must have a value of 8, 9, 10, or 11. Execution continues without printing
this table.

TS



prol

re0l

re02

re03

r=04

re0b

re06

re0?7

8101

s102

s001
svO1

ta0l
1a02

ta03

{ta04
ta0b

ta06

06

An invalid value of neolum has been encountered while printing real arrays. Neolum
must have a value of 8 9, 10, or 11. Execution continues without printing this table

In attempting to read a restart file, a common block was found to have a length
different from that specified on the restart file. This should only occur f changes
have been made to the source code of COMMIX. A change of this type will make the
changed version of COMMIX incompatible with all previous restart files.

In attempting to read a restart file, the portion of common/space/ containing
integer arrays was found to have a length different from that specified on the restart
file.

In attempting to read a restart file, the portion of common/space/ containing real
arrays was found to have a length different from that specified on the restart file,

While reading a restart file, a difference was found between the force-structure
variables expected by the program and those on the restart flle. The restart file
variables are ignored, and execution continues.

While reading a restart file, a difference was found between the turbulence mode)
variables expected by ‘he program and those on the restart file. The restart file
variables are ignored, and execution continues,

While reading a restart file, a difference was found between the thermal-structure
variables expected by the program and those on the restart flle. The restart file
varjables are ignored, and executlon continues,

in attempting to read a restart file, the portion of common/space/ contatning

miscellaneous variables was found to have a length different from that specified on
the restart [lle. The restart [ile variables are ignored, and execution continues.

The sodium-property function tliq has falled to converge in 25 fterations. The
iteration count, enthalpy. pressure, and last guess of enthalpy are printed.
Execution terminates.

The sodium-property function seltsa was unable to compute the saturation
temperature for the given pressure. The prassure and the last two iterations of
saturation temperature are printed. Execution terminates.

Isolve must be O, 1, or 11 through 19

The sodium-property function sevtem was unable to compute the sodium vapor
temperature for the given enthalpy and pressure. The iteration count, enthalpy,
pressure, and the last iteration of saturation temperature are printed. Execution
terminates.

A negative material value mi has been found in the thermal-structure input.

When specifying thermal-structure input with 4geom = 0 and rodfr » 0, ixys must
be one of the following values: 1, 2, 3, 11, 13, 101, or 103.

When specifying thermal-structure input with igeom = 0 and rodfr < 0, ixys must
be one of the following values: 1, 2, 3, 11, 12, 13, 101, 102, or 103.

When specifying thermal-structure input with igeom = 0, roedfr must be non-zero.

When specifying thermal-structure input with igeom = ~1 and rodfr > 0, ixys must
be one of the following values: 1.2, 3, 11, 13, 101, or 103.

When specilying thermal-structure input with 4geom = ~1 and rodfr < 0, ixye must
be one of the following values: 1, 2, 3, 11, 12, 13, 101, 102, or 103.
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When specifying thermal-structure input with igeom = <1, radfr must be non-zero
When specifying thermal-structure input, igeom = 0 or igeom = 1.

When specifying thermal-structure inpul, type namelists can only appear [irst, alter
fludd namelist and aller material namelists. Fludd namelists can only appear
after type andmaterial namelists.

Currently, only 100 thermal-structure prototypes are allowed. If more are needed,
changes must be made in common/rebals/ in aubroutine alladd and inpstr.
Execution (erminates.

Thermal-structure Input processing has been terminated due to errors encountered
in the orcering of thermal-structure prototypes. These must be corrected before
processing can continue,

One of the following input rules for the ‘mal structures has been violated: The
geometrical characteristics, 4xys, must be one of the following values: 1, 2, 3, 11,
12, 13, 101, 102, 103, Each thermal structure must have at least one material
region,

An Invalid Thermal-Structure Location Record has been found. One of the following
restrictions has been violated:

0«<ib <= 4@ <= imax,

U« b <= je <= jmax,

0 < kb <= ke <= kmax, and
lo¢ = out or loc = 4n

or the num value does not match the number of any thermal structure,

A thermal structute has been encountered with fluid cells interacting at both
outside and and inside surfaces, but the number of cells interacting with the outside
surface does not equal the number of ceils interacting with the inside surface. The
four values printed are the structure number, surface interaction code. number of
cells interacting with surface 1, and number of cells interacting with surface 2.

A thermal structure s inconsistent with the Thermal-Structure Location Records.
Either the thermal structure specifies only cells interwcting with the outside surface
and the Thermal-Structure Location Records specily some cells interacting with the
inside surface, or the thermal structure specifies only cells interacting with the
inside surface and the Thermal-Structure Location Records specily some cells
interacting with the outside surface. The four values printed are the structure
number, surface interaction code, number of cells interacting with surface 1, and
number of cells interacting with surface 2.

An invalid value of 4xys has been found in the thermal-structure prototype input
with redf > 0 and rectangular geometry.

An invalid value of 4xye has been found in the thermal-structure prototype input
with redz < 0 and rectangular geometry.

Rodf has a value of zero in the thermal-structure prototype tnput for rectangular
geometry.

An invalid value of 4xyz has been found in the thermal-structure prototype input
with redf > O and cylindrical geometry.
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tq05 An invalid value of Axyz has been found in the thermal-structure prototype inpui
with rodf < 0 und cylindrical geometry.

tq06 Rodf has a value of zero In the thermal-structure prototype input for evlindrical
geometry.

tq07 The value of igeom is invalid. Set sgeom to 0 or -1 and rerun.

wi01l The lquid water property function waltsa has encountered a negative pressure
when attempting to compute the saturation temperature.

wl02 The liquid water property function waltss has computed a negative saturation
temperature.

2801 The temperature range for indicated material number has been set to 50.0-90.0 °C,
This can be specified by the user in variables tablot and tabhit.

2802 When using the Simplified Properties Option, you must input nonzero values for
eOh, eih, eOro, and cOk. Be aware that the Simplified Properties Option
computes properties as a Unear function ol temperature only, and as such musi be
used with extreme caution!

A8 COMMIX-1C Call Graph

The following table indicates the code structure by showing the calling sequence of the
subroutines. Calls to function are not indicated. Also, multiple calls may not be indicated.

aatitle

| ===zunid

| |==~idate

| |~=-fdate

|=~~adrive

| |==+*namel

| |==~clear

| |~=-errors

| |==~alladd

| | |~~~oneadd

| | j*~=clear

| | |==~=tscan

| | | |==~~@rroreg

| | | |==~namels

| | »~~getmem

| |===stosum

| |==-amain

i | |*=~geom3d

| | | |===namel

| | | j==-boxes

| | | | |==~errors
| | | | |~+~=4ijkset
| | | | |==~ijkget
| | | |

|===£411lm
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| | |*=~shome
| | [===43kget
| | f*=~idkseat
| | |~=varrors
|*~~@rrors

sesinital
|===~restar
|===namel
|==«geochk
| |»=~@rrors
|==~gatechk
| |*=«~@rzrors
|=~~errors
|wsspumre?
| «==gpum
| j==verrors
[=sefitit
|===4infore
| |==~@rzrozrs
| f*=«4i9kset
|==sdinpstr
| |=~=namel s
| |==~arzrore
| |==«tpareas
| | |*=~@rvors
| | |*=+49kget
|===4dctemp
|===4dnitpr
| |===4i3kget
|=~=barin
| |»~~@rrors
| |=+-petrm
| | |=~=43kget
| |=~-petrl
| | i=+*+=ijkget
| |==-redef
|==~geovar

| |*~+=ijkget

|*==4nittl

| |==~+bepres

| |===rotemp

| |=~-getflo

| |+*==betemp

| |*==beteml

| |==+~getrhe

| |~=«becont

| |===botent

| | |===i3kget
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«sebeflow
«+«beflot
~=~update

cenginda

«evodrv
| «=*md
| | == -mdi
| | ==-mdm
| | ===mdp
| | ==+«mdu
|===8rx0

«=c0dryv
|~=snroe
|===nofe
|=«=nnfe
|===nnse
|=«=nnte

[*=«4inditur

s~e=turvi?

===hstrue
f*=~htcoeft

e -Qrrors

s==tgtrue
|==«4idkget
«ssqitrue
|=+=+=4jkget
~==gdconv
|===43kget
|~=~setdt
~==pltape
|===runid
~--output
|==~globsl
|=«=~runid
|===43kget

|

|
|
|
|
!
|

v=~gumrel
|=~=43kget

|.-.t.q

|==sd4k” ot
| *=~@rrors

|==~@rrors
|===outp2
|=--out?2
| |===outiv
| |=~=outku
| |===cutju
| | ==~chop
| |===~prinre
|

| |=~-errors
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| ===0utl

| |===putfie

| |==~chop

| |~=-prinre

|

|

i

|

| |*==i3kget
| |=~=0outld
|

|

|

|

| |=vvoutfid

| |=~~chop

| |==-prinri
| | |~~-@rrorxs

| |=~=~@rrors

|~==rsurfo

|=+~isurto

| |===4ikget

|==«pstruc
~=-~watstp
~=~pgetdt
~==timstp

| ===update
|=«~=-becpres
|===betem0
| |===htcoet
| |+=-4idkget
|=-=getzrhe
|===moloop
| |===beflot
|==~~getvis
|=«=xmomi
| |==~=~4jkget
|==~-gmomeg
|==~zmomx

| | ~=-wlfnecv

| |=-~@rrors
| |==~~vstar0

|
|
|
| |~~-forces
|
|
|

|

|

|

|

|

|

|

|

|

i ~=-ymomi

| | |===4jkget
| | |=~=zmome
| | | ===-zmomx
| | |==~~forces
| |«==zmomi

| | |===4jkget
| | |=~=-zmomz
| | |=~~gmomx
| i |==~forces
| | ~=~~pegn

| | |==+ijkget
| |===-g0lver

| | {~==go0lvit
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|~e=ysmp
| |*==gdrv
|~==2grad
| |~=~gnezero
| |*=~geatka
| |===loada
| |==~cgsolyv
| i |===4lufac
| | | ~«~ginv
| |svvarrors
j*~-momeni
|~~~gettflo
|=~=-beflow
~-=«beturb
~~=tkloop
|===tkscre
| |===49kget
| |~=+velcen
| |=«-tkgrad
| | |«~==velcen
|*=~+-encon0
| |===1jkget
|==+tkener
| |===43kget
| |==-diffxl
|*=~s0lver
«==tdloop
|=~~encon
|==-tdener
| |===4jkget
| |=--diffxl
|==~solver
~==turvii
~-=~-@nloop
|==-geteke
| |===4jkget
|«~~=bctemt
|=~=hstruc
|~~~@80rce
| |===gstruc
| |=~=43kget
|=-~gatecon
|==~ancon®
| *~~ancon2
| | ~~~@ncx?2
| l |~=--encty
| | |==--encor3
| |~==4dkget
|==~grrore

|
|
I
|
I
|
|
|
1
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| | |[*~~anergi
| | | | === ikget
| | | |«=~gt0Ondx
| | |*=+=gothl

| | |**=splver

| |==sxotenp

| | |=s+propt

| |==vgotveal

| |==~=becoont

| |==~botemp

| |===beflow

| |===totrue
|*=~restar

| |===pltape

| |==~arrore

A.9 Use of Non-ANSI Extensions to F77

COMMIX-1C is written in FORTRAN 77, with the following non-ANSI extensions:

Lower-case letters are used to avoid the agony of dealing with upper case text when
using the Unix editor vi. The only impact of this convention is the need for the input
files 10 be in the same case as the FORTRAN source because some comparisons are
made between strings in the input file and strings defined in the source. If conversion
to upper case is desired, be sure that the input data files are also written in upper case

The namelist extension, available on most compilers, has been used in COMMIX-1C.
Commercially avallable FORTRAN packages can provide the namelist functionality. A
locally written package has been used on an earlier version of COMMIX. While not
adapted to COMMIX-1C specifically, it could be used as a basis for a COMMIX-1C
version. This latter package can be made available i necessary.

Common blocks are generally stored as separate flles and are brought into the source
with the use of “include® statements of the form:

include ‘space.omn’

A provision for handling IEEE exceptions is provided on Sun workstations with the
inclusion of th? deee_handler function, referenced in subroutine adrive, and the
corresponding external functions referenced there. This provision may be removed or
replaced with the appropriate exception-handling facilities of your machine.

Pointers are used In several subroutines to simplify the dynamic allocation of memory.
The same effect could be achleved by using the intrinsic location function lee.

The intrinsic function l1ee, which returns the address of the argument, 18 &

nonstandard intrinsic that may have a different name and different characteristics on
other systems.
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The Intrinsic function malloc I8 used In subroutine getmem to simplify the
dynamic allocation of memory. On tlie Sun system, this function allocates an area of
memory and returns the address of the start of that area. The argument of the function
is an integer specifying the amount of memory to be allocated, In bytes. If successful, it
returns a pointer to the first element of the region otherwise it returns an integer 0.
The same effect could be achieved with the use of the location function lee

All timings in COMMX-1C are obtained from subroutine deltat which calls the
function dtime from the Sun FORTRAN library. Dtime returns the elapsed time since
the last call to dtime or the start of execution on the first call. The argument array
returns user time in the first element and system time in the second element. Elapsed
time, the returned value, Is the sum of user and system time. Deltat vetumns the
elapsed time since the last call as the function value and the cumulative time in the
argument runt.

Portin MMixX-1C to the Cray

Porting the Sun version of COMMIX-1C to the Cray XMP-14 with the CFT77 compller

here at Argonne was a relatively stmple task. On the tnitial port, no efforts were made to
vectorize the program. The following issues were addressed:

1.

Because the word length on the Cray 1s 60 bits, compared to 32 bits on the Sun, the
entire program can be run in Cray single precision. The following changes are
required:

1.1 Remove or comment out the contents of the [tle double . emn.
1.2 Remove the double precision declaration from all functions.

1.3 The variable 1 must be changed from double precision (0 resl in
subroutines cgrad conres, and minres.

1.4 The ysmp package must be changed from double precision (0 real (single
precision). Instructions to carry out this task are included in the ysmp flle.

1.5 Set nobpi, nowpd, and nowps to 1.0 In subroutine adrive.

The Cray heap allocation library routine, hpalloe, Is recommended to replace the Sun
aqemory allocation function malloe.

2.1 Conversion from malloe to hpalloe were required in subroutines cgrad,
sonrae, Jacodbi, and minres.

2.2 Modifications to subroutine getmem.

References (0 the 1eee_handler in subroutine adrive were removed,

‘The timing function deltat was changed to use the Cray function second rather than

the Sun function dtime
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A.11 Finding Holes in the Boundary

The Boundary Surface Summary is intended to help the user find holes in the boundary
surfaces. It Is oblained by setting ibsbug In namelist/geom’. The boundary surface
summary consists of two parts. First is a table of binary strir gs and their corresponding
printed characters. Foliowing this table are smax plancs. w''n each computational cell
represented by one of the characters {rom the [irst table. T e binary string assoclated with
each character indicates the location of the surface element ;, ag described below.

Each bit in the binary string corresponds to a face of (he computational cell. The first
bit corresponds to the face in the 4~ direction: this is the: surface between cell (4, 4, %) and
cell (4-3, 3,k), The second bit corresponds to the face 'n the 4+ direction, the third in
the 3-, the fourth in the 3+, the [ifth in the k-, and the sixth in the k+ direction. A gurlace
element 1s defined at a cell face if the bit corresponding to that face has a value of 1. For
exampie: suppose "F' {s printed at the location for cell (4, 9, x). "F" corresponds to the
binary string "011000." This Indicates that a surface element has been defined in the 4+
and 3~ directions, that is, between cells (4, 4, k) and (441, 4, k) and between cells
(4,3, k) and (4, 3=1, k).

For this scheme to be ellective, the table should contain 62 different printable
characters. A blank corresponds to string "000000," and string "111111" should never
occur. While a laser printer with both upper and lower case is available at Argonne, the
printers usually used are impact printers with only about 58 different characters.
Therefore, the current implementation uses the character "?" to correspond to all of the
following binary strings: “111110," "111101," "111011," “110111," "101111," "O11111,"
and "111111." This does introduce some ambiguity, but the impact is probably not serious.
For those users who wish to eliminate these duplications, changes must be made in
subroutine shome.
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Calling
Subroutine Subroutine Descriptions
CHOP ouT2 Resets the beginning and end row and column markers
OUTI1 to print out only rows and columns containing cell or
ouUTII boundary values.
CLEAR ADRIVE Zeros out the values of all variables between the two
ALLADD arguments passed,
DATCHK INITAL Checks validity of input in NAMELIST/DATA/.
DIFFX1 TDENER Computes diffusion between two adjacent cells.
TKENER
ECONDX ENERGH Computes conduction between two adjacent cells,
ENCFY ENCX2 Computes y-direction welghting factors for flow-
modulated skew-upwind difference scheme.
ENCOND TKLOOP Compute upwind convective terms.
TDLOOP
ENLOOP
ENCON2 ENLOOF Computes convective flux for flow-modulated skew-
wind difierence scheme.
ENCOR3 ENCX2 Computes corner weighting factors for flow-modulated
skew-upwind dilference scheme.
ENCX2 ENCON2 Computes coeflicients due to positive x direction for
flow-modulated skew-upwind difference scheme.
ENERG! ENLOOP Computes coefficients of the energy equation,
ENLOOP TIMSTP Calls required subroutines in sequence for solution of
energy equation,
ERRORS Several Processes error conditions and prints error messages,
ESORCE ENLOOP Computes the source tenm for energy equation.
FILLM BOXES initializes the cell and adjacent cell pointers.
FITIT INITAL Computes the coeflicients of cubic spiine fit for input
transieat functions.
FORCES XMOMI Computes user-imposed drag forces.
YMOMI
ZMOMI
GDCONV AMAIN Computes DCONV, the convergence criteria based on

maximum velocity in the region.
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Descriptions

Calling
Subroutine Subroutine
GEOCHK INITAL
GEOMS3D AMAIN
GEOVAR INITAL
GETCON ENLOOP
GETEKE ENLOOP
GETF several
GETFLO SOLVER
INITFL
GETHL ENLOOP
GETMEM ADRIVE
GETRHC INITFL
TIMSTP
GETVEL TIMSTP
GETVIS MOLOOP
GLOBAL ouTPUT
HSTRUC AMAIN
ENLOOOP
HTCOEF HSTRUC
BCTEM@
ICTEMP INITAL
INFORC INITAL
INITAL AMAIN
INITFL INITAL
INITPR INITAL
INITUR INITAL

Checks validity of input in NAMELIST/GEOM/.
Determines essential geometric information.

Computes cell volumes and surface areas that remain
constant throughout a calculation.

Computes effective thermal conductivity.

Computes flow kinetic energy.

Determines value of transient function NF at current time

Computes mass flow,

Computes enthalpy.
Allocates memory dynamically.

Computes boundary density and enthalpy

Adjusts velocity after density change.
Computes ellective viscosity for all cells
Prints giobal balances.

Computes heat transfer coellicients for thermai
structure elements.

Computes heat transfer coeflicient.

Initializes default boundary temperature and boundary
velocity (or mass flow),

Reads input related to force structure and prints corre-
gponding iInput summary.

Calls required subroutines in sequence to initialize
internal-cell and boundary values of all variables.

Initializes all Nluid variables.
Sets default static pressure,

Performs turbu.ence model Initialization,
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Calling
Subroutine Subroutine Descriptions
INPSTR INITAL Reads thermal structure input data, computes required
geometrical and physical information, and prints thermal
structure input summary.
ISURFO OUTPUT Prints surface array IVAR for surface number NSUR.
MOLOOP TIMSTP Calls required subroutines in sequence to solve mass-
momentum equations.
MOMENI MOLOOP Calculates new-time velocity using new-time values of
pressure.
NAMEL GEO3D Reads namelist information
INITAL
ADRIVE
NAMELS INSPTR Reads namelists T, F, and M for thermal structures.
TSCAN
ONEADD ALLADD Sets the variable name, type, and length as they are
allocated.
OuUTI ouTP2 Writes a plane of values for cell-centered variables.
OUTI1I OuUTP2 Writes a plane of integer values for cell-center variables.
ouT2 ouUTP2 Writes a plane of values for face-centered variables.
OUTFIE ouTl Sets up two arrays, VAL and MARK, of slzes NRMAX and
NCMAX for cell-centered variables.
OUTIU ouTP2 Similar to OUTFIE for face-centered variables,
ouUTJU
OUTKU
ouTP2 OUTPUT Prints array information,
OUTPUT AMAIN Prints array information.
PEQN MOLOOP Computes coeflicients of pressure equations.
PLTAPE AMAIN Writes plotting information.
RESTAR
PRINRC ouT1 Writes out incoming array.
ouT2
PRINRI OUT1l Writes out incoming integer array.
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Calling
Subroutine Subroutine Descriptions
PROPF ROTEMP Computes properties.
PSTRUC OuUTPUT Prints temperature fields and heat transfer information
relating to theimal structures.
@STRUC AMAIN Solves Leat conduction equations and computes eflective
ESORCE heat source from thermal structures to coolant,
REDEF BARIN Redelines porosities and permeabilities that are R
dependent for cylindrical geometry.
RESTAR INITAL Writes or reads a restart dataset.
AMAIN
ROTEMP TIMSTP Determines state of each cell by updating properties.
INITFL
RSURFO OouUTPUT Prints specifled surface array.
RUNID ADRIVE Returns time and version information,
GLOBAL
PLTAPE
SETDT AMAIN Set nonzero time-step size (0.001).
GDCONV
SETRL BARIN Performs boundary value initialization,
SETRM BARIN Performs interior cell value initialization,
SHOME FILLM Prints graphical representation of boundary surface
identification cards.
SOLVER MOLOOP Calls one of three matrix solvers to solve discretized
TKLOOP pressure equation and scalar transport equations,
TDLOOP
ENLOOP
SOLVIT SOLVER Solves matrix equation by SOR procedure,
STOSUM ADRIVE Computes lengths of vartables and prints storage
summaries.
SUMRE1 GLOBAL Reads and stores a set of input,
SUMRE2 AMAIN Writes control variable summary,
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Calling
Subroutine Subroutine Descriptions
TDENER TDLOOP Computes coefficients of ¢ (dissipation of turbulence
kinetic energy) equation.
TDLOOP TIMSTP Computes dissipation of turbulent kinetic energy € for
two-equation models.
TIMSTP AMAIN Calls required subroutines in sequence o bring variable
values from time t to time t + AL
TKENER TKLOOP Calculates coefficients of turbulent kinetic energy
equation,
TKGRAD TKSORC Computes gradients used in source terms in turbulence
equations.
TKLOOP TIMSTP Computes turbulent kinetic energy k.
TKSORC TKLOOP Computes source terms in turbulent kinetic energy (k)
equation.
TSAREA INPSTR Computes total heat transfer area between thermal
structures and fNuids.
TSCAN ALLADD Scans thennal structure input to determine amount of
storage needed to run the problem.
TSQ GLOBAL Computes total heat for each thermal structure.
TSTRUC AMAIN Solves heat conduction equation and computes thenmnal
TIMSTP structure temperature, TTS.
TURV12 INITFL Computes turbulent viscosity and thermal conductivity
TIMSTP for k-¢ two-equation turbulence model.
UPDAGE INITFL Restores previous time-step values to current time-step
TIMSTP values,
VELCEN TKSORC Computes cell-centered velocity.
TKGRAD
VSTARZ2 FORCES Computes local eritical velocity for superheated steam.
WLFNCV ZMOMX Modifles wall shear stress to account for frictional force.
XMOMI MOLOOP Computes coellicients of x-momentum equations.
YMOMI MOLOOP Computes coeflicients of y-momentum equations,
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Calling
Subroutire Subroutine Descriptions
YSMP SOLVER Solves matrix equation using Yale Sparse Matrix Package.
ZMOMI MOLOOP Computes coeflicients of z-momentum equations.
ZMOMX XMOMi Computes z-x convective and viscous terms of momentum
YMOMI equation,
ZMOMI
ZMOMZ XMOMI Computes z-z convective and viscous terms of momentum
YMOMI equation,
ZMOMI

ZSUM INITAL Prints property summaries,
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Appendix C: Resistance Correlations

C.1 introduction

This appendix provides a convenient collection of the resistance correlations that are
most commonly needed by COMMIX users. It s written with a desire to save the user from
having to search the vast literature. It is also hoped that this appendix will serve as a
starting reference for new users.

We caution here that the correlations here are not necessarily the only and final
relations, We welcome feedback and comments from all users so that we can add other
correlations, update the existing relations, and tmprove the information presented here.

C.2 Axial Flow in Rod Bundle Assembly
C.2.1 Generalized Correlation

. Laminar Flow

For a laminar axial flow tn a rod bundle assembly, Rehme and Trippe! recommended
the following generalized correlation:

r« . &, C (€. 1)

where C Is a geometric parameter, v is the axial velocity, dy, is the hydraulic diameter, and
Re is the Reynolds number,

Re = £¥ (€.2)
M
The central, wall, and corner subchannels in a rod bundle assembly are shown in Fig.
C.1. The value of geometric parameter C is a function of
~  P/D for central subchannel (Fig. C.2),
=~ W/D lor corner subchannel (Fig. C.2), and
- P/D and W/D for wall subchannel (Fig. C.3).

From the values of geometric parameter for various subsections, we can calculate the value
of parameter C for the total assembly

\2 4
#: 2! z_‘_ SallAL] (C.3)
G ¥CLS |4,
where S fs the wetted perimeter, A is the flow cross section, subscript i is for the Individual
subchannel, and subscript "tot" is for the total rod bundle.
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Re -~ 400

L - for 400 < Re < 5000, and (C.6b)
x =10 for Re 2 5000, (C.6¢)
and the coeflicient A 1s a function of wire-wrap lead H and pitch-to-rod diameter ratlo.
320 5
A = W(P/ D)"*. (C.7)

Note that the wire-wrap lead H in Eq. C.7 is in centimeters.
¢  Chan and Todreas

Recently, Chan and Todreas? developed the following generalized correlations
applicable to a wide range of wire-wrapped hexagonal fuel assemblies:

= e (for Re < 400), and (c.8)
= 2414 CyRe ™™™ (for Re > 400) (9

Here, Re (=pudp/p) is the oundle Reynolds number and the coeflicients C g and Cg are
functions of the number of rods in a bundle N, pitch-to-rod (pin)-diameter ratio P/D, and
lead-length-to-rod (pin)-diameter ratio H/D.

C, = AN)"(P/D)°(H/ D) (C.10)
and

Cio = 261{N)**7(P /D)™ (H / Dy (C.11)
The values of the constants A, B, C, and E are given in Table C.1.

For a hexagonal assembly, the flow area and hydraulic diameter, dy, can be calculated
using the relationships:

V3 2 Nn
Flow Area = —-(d, )" - ==(D* + D),
§ el = SE P ) (€.12)
Perimeter = (2v3d, )  + *N(D+D,), (C.13)
and
d, = 4 * flow area / perimeter . (C.14)

Here, di.r Is the distance between the flat surfaces of the hexagonal assembly, D is the pin
diameter, Dy is the wire-wrap diameter, and N is the number of pins in a bundle.

¢ Rehme

Rehme5 recommended the following correlations for wire-wrapped rod bundles:
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Table C.3. Important parameters of EBR-Il assemblies

Assembly No. of Rods D, mm P/D H/D
Driver (fuel) 91 4.42 ~1.30 3.45
Blanket 19 12.08 ~1.0 -
Reflector 1a - - -

AHexagonal cross section,

Table C.4. Values of constants a and b for EBR-II assemblies

Assembly a b Range
Driver 26.33 -0.85 Re < 557.5
Driver 0.1922 -0.072 Re 2 657.56
Reflector 6.48 -0.03 -
Blanket 2.574 -0.269 -

derived from the experimental measurements. The major dimensions and the values of
constants a and b for different types of assemblies are given in Tables C.3 and C.4. The
constants are derived from the measurements of total pressure drop across the full length
of an assembly without separating the effects of various subsections, e.g., inlet nozzle, orifice
shield, rod bundle, outiet nozzle, etc. Therefore, one correlation, Eq. C.23, 1s appiicable
over the entire length of the assembly.

C.3 Spacer Grids

C.3.1 Plane Grid

For a plane grid with sharp-edged orifices (Fig. C.6), Idelchik!! gave the valties of loss
coeflicient as a function of area ratio (Table C.5):

Ap = (Ké—pv’)n. (C.24)

Here, n is the number of grids; K, the loss coeflicient for a grid, 18 a function of area ratio
Ag/AL: Ao Is the flow area through grid; arnd A) is the [low area without grid.

C.3.2 Grid-Type Spacer

For a grid-type spacer, such as used in a rod bundle assembly, Fig. C.7, RehmeS gives
the following correlation:



Momentum
Control Volume

e e e et e+l e v

Fig. C.6 Plane grid with sharp-edged ori{fices

Table C.5. Loss coefficients for a plane grid

A

Ao/ Ay K Ao/ K Ao/A) K

0.02 7000 0.22 40 .¢ 0.f 4

0.03 3100 0.24 32.0 0.f

o ‘
0.05 1050 0.28 22.3 0. 6 2.00
0.06 730 0.30 18.2 0.65 1.41
0.08 400 .92 15.6 0.70 0.97
0.10 245 0.34 13.1 0.75 0.65
0.12 165 0.36 11.6 0O .80 0.42
0.14 117 0'38 9 55 0.85 0.25
0.16 8o .| 10 R 25 0. N 0.13
0.18 685.5 0.43 6.62 0.95 0.00
0.20 51.5 0.47 4 9% 1.00 0.00
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C.4 Crossfilow in Tube or Rod Bundle

c.41 Generalized Correlaticns
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' Momentum
i Contreol Volume
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3 {

Fig. C.8. Crossflow over square array to tube or rod bundle

C.4.3 Triangular (Staggered) Rod Bundle

For flow across a staggered rod bundie, as shown in Fig. C.9, Idelchik recommended
the following correlation for loss coeflicient:

K=(aRe®)(n+1). (C.81)

Here, Re is the Reynolds number based on mean velocity v and rod diameter D, and n is the
number of transverse rows of tubes; the coefficient a 1s a function of pitch-to-dlameter
ratios and is given in Table C.8.

C.5 Sudden Enlargement and Contraction

The pressure loss due to abrupt change In area is generally expressed in terms of the
loss coefficient K:

Ap = K,-;-pv,’ (C.32a)
. x,%pv;. (C.32b)

where K| and Kz are the pressure loss coefficlents, and v and vy refer to the velocity in the
smaller and larger cross sections, respectively.
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For abrupt expansion, the loss coeflicient K is given by the expression!3-14
2
K, = (x— -’-‘-L) . (C.33)
Aa

where A; and Ag are the small and large areas, as shown in Fig. C.10. With the abrupt-
expansion models, as shown in Fig. C.10, Eqs, C.32a and C.33 can be used directly to
evaluate f and ¢ of Eq. 6.3

If the abrupt-expansion is modeled a: in Fig. C.11, the reference velocity used In
COMMIX to evaluate pressure drop now corresponds to the velocity in the larger cross
section. Therefore, we must use Eq. C.32b with loss coefficient K, given by

2
K, = (.‘_\J.- 1) , (C.34)

1

For abrupt contraction, as shown in Figs. C.12 and C.13, the values of loss coefficient !5
are presented in Table C.9.

C.6 Venturi, Nozzle, and Orifice
C.6.1 Venturl

For venturi, we define the pressure loss as

APwe = K, %pV.’ (C.35a)
. X -;-pv:. (C.35b)

where K| and Kz are the loss coeflicients in relerence to kinetic energy in the small and
large cross-sections, respectively.

The loss coefficients for venturi, as shown in Figs. C.14 and C.15, can be expressed as

A 3
K, = [1-(-;:]'](63-- 1J (C.36)

(bl

where the velocity coelficient cy is a function of Reynolds number (pv D) /i) (Table C.10).
The Reynolds number in Table C.10 is based on velocity and diameter of smaller cross
sections.

and
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Momentum Control Volume
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Fig. C.12. Sudder itraction (reference velocity Vi)
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Fig. C.13. Sudden contraction (reference velocity V3)
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Fig. C.15. Ventur( (n a momentum control volume
(reference velocily Va)
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. Ao is the flow area, and Cp, the drag

based on velocity v and object diameter D

Revnolds number for a few commmaon shapes

C.9 Straight Duct

§s 18 expressed as

(C.43)

and the friction factor

(C.44)

ducts exiending from

rlv. in Figs. C.25 and

\ e
I nnull and a famlily of circular aniuial
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Fig. C.21. Drag coeffictent for common shapes
(Source: Ref 15)
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Fig. C.25. Friction factors for fully developed flow in circular
tube annuli (Source: Ref. 17)
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Fig. C.26. Friction factors for fully developed laminar flow n
annular sector (Source: Ref. 17)
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¢  Turbulent Flow

For turbulent flow in a straight duct. the friction factor is

0.3164
{ W (C.45)
Here,
Re = pvdy /1. (C.46)

C.10 Pipe Fittings

The pressure loss due to a pipe fitting is expressed as

ap s K -;-pv'. (C.47)

A summary of representative head-loss coellicients, K, for typical fittings, published by the
Crane Company, '® s given in Table C.11. |

C.11  Concluding Remarks

We have presented here a sel of pressure loss correlations only for geometrical
situations that we feel the COMMIX user is most likely to face. There are so many
geometries and so many correlations that it is impossible to cover them all in this appendix.
For other geometries not included here, we recommend Refs. 11, 18, and 19.

If experimental measurementis are avallable for the geometry under consideration, it is
preferable to use those data rather than a correlation from the literature,

The time spent in writing this appendix will be considered well spent if the appendix
¢ Saves the user time in searching the literature,

¢ Prevents the user from becoming confused by so many different types and
forms of possible correlations, and

¢ Serves as a starting reference,
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Table C.11. Head loss coefficlents K for various fittings

Fitting K
Globe valve (fully open) 10.0
Angle valve (fully open) 50
Swing check valve (fully open) 25
Gate valve (fully open) 0.19
Close return bend 2.2
Standard tee 1.8
Standard elbow 09
Medium sweep elbow 0.75
wong sweep elbow 0.60
for Appendix

1. K. Rehme and G. Trippe, Pressure Drop and Velocity Distribution in Rod Bundles with
Spacer Grids, Nucl. Eng. and Design, 62(1-3) (1980),

2. K Rehme, Simple Method qf Predicting Friction Factors of Turbulent Flow tn Non-
Ctreular Channels, Int. J. Heat Mass Transfer, 16:933-950 (1973).

3. F. C. Engel, R. A. Markley, and A. A. Bishop, Laminar, Transitior,, and Turbulent Parallel
Flow Pressure Drop Across Wire-Wrap-Spaced Rod Bundles, Nucl. Sci. Engr., 69.290-
296 (1979).

4. Y. N. Chan and N. E. Todreas. A Simple LMFER Axial Flow Friction Factor Correlation,
MIT Report DOE/ET/37240-92TR, Rev. 1 (Dec. 1982),

5. X. Rehme, Pressure Drop Correlations for Fuel Element Spacers, Nucl. Technology.
17:15-23 (1973).

6. Covered Pressure Drop Flow Test/Crossflow Mixing Test. HEDL-TI-76049 (Nov.
1976). Avallable from U.S. Department of Energy Technical Information Center.

7. W. L. Thorne, Pressure Drop Measurements in FFTF Fuel Vibration Tests, HELD-1C-

812 (April 1977). Available from U.S. Department of Energy Technical Information
Center.

8. W. L Thome, Pressure Drop Measurements from Fuel Assembly Vibration Tests,
HELD-TC-824 (April 1977). Avallable from U.S. Department of Energy Technical
Information Center.
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Appendix D: Sample Problem 1 -

Steady-State, Fully Developed, Turbulent Pipe Flow

Problem Description

Geometry:

Fluid:

Reynolds No.:

Mesh System:

Flow Boundary
Conditions:

Thermal Bound-
ary Conditions:

Pressure Bound-
ary Condition:

Other Options:

Cylindrical pipe,
Diameter = 0.25 m.

Isothermal air.
Density = 1.0 kg/m?
Viscosity = 1.5 x 105 Pa-s,

5 x 105,

10 (radial) x 1 (azimuthal) x 10 (axial).
Symmetry assumed In the azimuthal direction.

Inlet ~ untform velocity, 30 m/s.

Outlet - continuity mass flow,

Pipe wall ~ no siip.

Pipe centerline - free slip (symmetry plane).

Uniform temperature on all boundaries (25°C)
Outlet pressure = 10° Pa.

k-¢ two-equation turbulence model.

Energy equation is not solved.

Pressure equation and turbulent transport equations are solved by Yale
Sparse Matrix Package.
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Appendix E: Sample Problem 2 -
Steady-State, Natural Convection in a Square Cavity

Problem Description

Geometry 2.26 cm x 2.26 om square cavity
Fluid Alr (simplified properties)
Rayleigh No 104

Mesh Systen 20 (x) x 1 (y) x 20 (2)

Two-dimensional problem

Flow Bound No slip for ieft, right, top, and bottom walls
ary Conditions Free slip for two side walls

Thermal Bound Left wall - constant temperature, 30°%
ary Conditions Right wall - constant temperature, 20
Other walls - adlabatk

Pressure Bound Pressure ¢t upper right corner cell = 105 Pa

ary Condition

Other Options Pressure equation and scalar transport equations are solved by Yale
Sparse Matrix Package
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ssunsnnnnw Cell and Surface Element Initialization Siemary ssssssssss

variable Value I-Index J-Index K-Index Surface Nesmber
Hame Range Range Range Mumber of Values
Initialized

wwunuunusn No cells or surface elements initialized sssssssuns

(¥4



wwsunssw Coll Volume and Surface Area Summary ssssssss

Sur face Areg (mus2)
1 2.261790E-92
2 2.261700e-02
3 5.115287¢-06
4 5.115287¢-06
5 2.261700E-02
6 2. 1486 15e-02
7 1. 130850£-03
Total 5. 149106£-02
Total Total Total Total
vVolume Surtface Area Suriace Area Surface Area
In i+ Direction In 3+ Direction In k* Direction
For All Cells For All Cells for All Cells
Total (geometric} 5.115287¢-04% 4.297230e-01 0.590000€+00 4.2972308-01
Fluid tealculational) 5.115287e-0% §.297230:-01 0.050000E+20 4.297238E-01

...g12)a... mmber of non-reros counted= 1920 cpace required= 11042
...gdconv... veimax= 0.000E+00 is being reset to vconv= 1.000E-03 for convergence testing.

Total
Cell Surface
Area

8.59646. 01
8.594666. N

(441
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