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GMeIIX-lB:
A DIREE-DIMENSIONAL TRANSIENT SINGLE-PHASE QNIPUTER PROGRAM
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OF SINGLE AND DEILTIONtPONENT SYSTEMS
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ABSTRACT

The 00MMIX-1B computer program is an extended version of ODMMIX-1A
with three major additions: (1) three more turbulence-model
options for the computation of turbulent diffusivities, (2) a
volume-weighted skew-upwind dif ference scheme to reduce numerical
diffusion, and (3) a single formulation to combine semi-implicit
and fully implicit solution procedures.

COMMIX-1B solves the conservation equations of mass, momentum, and
energy, and transport equations of turbulence parameters. It is
designed to perform steady-state / transient, single-phase, three-
dimensional analysis of fluid flow with heat transfer in a single
component or a multicomponent system. The program is developed
for the analysis of heat transfer and fluid flow processes in a
nucicar reactor system. However, it is designed in a generalized
fashion such that with no or minimal modification, it can be used
to analyze processes in any engineering equipment, or in any
system.

An extension from 0)MMIX-1 A to (DMMIX-1B has been performed
without altering the original format and structure of Q)MMIX-1A,
Consequently, a COMMIX-1A user can run a COMMIX-1 A problem on the
00MMIX-1B version without any difficulty or changes in the input.

Volume I (Equations and Numerics) of this report describes in
detail the capabilities, unique features, basic equations,
formulations, solution procedures, rebalancing scheme, and models
to describe the auxiliary phenomena. Volume II (User's Manual)
contains the input instruction, sample problems, flow charts, and
description of available options and boundary conditions.
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EXECUTIVE SIBSIARY

The COMMIX (Copiponent Mixing) codes are designed for analyzing heat ;

transfer and fluid flow. The COMMIX-1B computer program--an extended version
of COMMIX-1A -is designed to analyze steady-state / transient, single phase,'

I three-dimensional compressible / incompressible flow with heat transfer in a
| reactor component / multicomponent system.

The three maj or changes that have been implemented in COMMIX-1A to
develop COMMIX-1B are the following.

1 o Addition of three turbulence models to provide more options in
; the computation of turbulent diffusivities,
4

i e Addition of a new volume-weighted skew-upwind difference
scheme to reduce numerical diffusion, and

e Combination of semi-implicit and fully implicit solution
procedures into one single formulation.

l The COMMIX code provides detailed local velocity and temperature fields
for the problems under consideration. The conservation equations of mass ,

,

| momentum, and energy, and transport equations of turbulence parameters are
solved as a boundary value problem in space and an initial value problem in i

j time. The discretization equations are obtained by integrating the conserva-
tion equations over a control volume.a

) The code has a wide range of applicability. It is capable of solving i

thermal-hydraulic problems involving either a single component, such as a rod
bundle, reactor plenum, piping system, heat exchanger, etc., or a multicom-

j ponent system that is a combination of these components.
4 ?

| COMMIX has two alternative solution schemes. One is semi-implicit and is
i a modification of the ICE technique. The other, a fully implicit scheme
j called SIMPLEST-ANL, is a modification of the numerical procedure known as
: SIMPLER. The option for solution schemes is implemented in such a way that a
! user can switch from one solution scheme to another at any time during the
| transient simulation of a problem.
i

! The code has a modular structure and permits analysis using either Carte-
i sian or cylindrical coordinate systems. It has two thermal-hydraulic property ,

packages, one for liquid sodium and one for water. Besides these two pack-

| ages, an option is available for users to input simplified thermal physical

! properties correlations that are valid in the desired range of applications.

Volume I (Equations and Numerics) of this report describes in detail the
'

capabilities, unique features, basic equations, formulation, volume-weighted
! skew-upwind difference scheme, and the solution procedures. It also describes

models used for the following phenomena:
;

'e Momenttan interaction between fluid and stationary solid
structures,

i
i

: i

t i

I

I

!_ _ _ _ _ _ _ _ _ _ _ __ ___
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e Thermal interactions between fluid and stationary solid

structures,

o Turbulence, and

Effects of wire wrap for fuel assembly applications.e

In Volume II (User's Manual), we provide flow charts, description of sub-
routines, geometry modeling, initialization procedures, input instructions,
etc. Two sample problems are also included so that readers who plan to use
COMMIX-1B can become f amiliar with the input / output structures of the code.

1. INTRODUCTION

1.1 PURPOSE

COMMIX is a computer code for heat transfer and fluid flow analysis.
Since the development of C0KMIX-1 in 1976, many features have been added to
augment the code's applicability. Consequently, COMMIX has become a very
general purpose computer code with a very wide range of applications.
Although developed for nuclear reactor applications, with nor or minimal
modifications, COMMIX can be used to analyze processes in engineering systems.

Many industries and organizations involved in design or analysis of
nuclear reactors are aircady using COMMIX. However, due to the code's
generality of formulation and its wide racge of applications, people from
other disciplines have also found COMMIX a very usef ul tool. We therefore
expect the number of COMMIX users to increase in the future. Prospective

users of COMMIX can benefit from a comprehensive description of the code. The
purpose of the present report is to meet this need.

In describing COMMIX-1B, we have two distinct aims. One is to convey to

the reader the capabilities of COMMIX, what equations are solved, and how they
are solved, which we have done in the first part of this report (Volume 1).
The second aim is to present a step-by-step procedure on how to use COMMIX.
To achieve this, we must describe the procedure with sufficient detail that a
reader has no or minimum difficulty in attempting to use COMMIX. This of

course is very difficult, but we are atttempting it here in Volume II.

It may be stressed here that while extending COMMIX-1 A to COMMIX-1B, we
have retained the original structure and format of COMMIX. Therefore, COMMIX-
1A users will have no dif ficulty in adopting and running their problems with
the COMMIX-1B version.

Volume I describes the basic equations, formulations of discretization

eq'ia t ion s , auxilliary models, solution procedures, etc. This Volume II, the

User's Manual, describes all the information needed by the user, e.g., input

description, flow chart, sample problems, and user options.

1.2 Organization of the Report

This part of the report (Volume II) describes the step-by-step procedure
in sufficient detail that a reader unfamiliar with the COMMIX code can begin
to use it with no difficulty.

, _ _ --
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!

We begin in Sec. 2 by describing the overall structure of the program. .
,

*

The first step for a user beginning numerical simulation is to model the !
geometry. herefore, in Sec. 3 we describe geometrical conventions of COMMIX, '

recommend modeling procedures, and suggest how to prepare geometry-related
j input for COMMIX.

i

Af ter geometrical modeling, a user aeeds to initialize cell and boundary
i values. COMMIX has several boundary-condition options that a user can

select. These are described in Sec. 4.

} If a flow domain under investigation contains solid structures, there
,

will be thermal and momentum interaction between fluid and solids. The i

i modeling of thermal interaction (between fluid and structures) through thermal
structures is presented in Sec. 5. The force structure modeling to account

i for momentum interaction (between fluid and structures) is presented in Sec.
'

6.

To allow an increase in convergence rate we have a mass-rebalancing
i scheme in ComIX. The preparation of input related to mass rebalancing is
I presented in Se c . 7. Auxiliary input such as turbulence modeling and
j simplified property is presented in Sec. 8.

-
i

4 COMMIX requires an initial steady-state calculation, either because we
want to analyse a steady-state problem or because we want to obtain an initial ;,

condition for a transient simulation. All the input required for steady-state-

| calculation is described in Sec. 9. The details related to transient
simulation are presented in Sec.10.+

I In Sec. 11 we describe the input / output procedures and all related
variables. Section 12 has our final concluding remarks.

! Appendix A, " Input Description," contains what will be for many users the
i most valuable part of the whole report, for it is there that all input

'

variables are described. In Appendix B, we list all subroutinos and their
! functions, and Appendix C contains a list of resistance correlations.

'

:

| Two sample problems along with their description, input, and output are
j presented in Appendices D and E. These problems have been selected to provide
! a good introduction to the capaht11 ties of COMMIX-18.

I

i '*g
o

|

| ~ %.g '

tgg% rWi g,

%,.

:,

|

F

|
!
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2. STRUCTURE OF COMMIX-1B

2.1 OVERALL FLOW CHART

The overall structure of the computer program can be seen from the flow
chart presented in Fig. 2.1. The major steps of the program are as follows:

We begin numerical simulation by specifying the grid and cal--

culating all geometrical quantities that are frequently needed
in later work. Reading of geometry input is done in subrou-
tine GEOM 3D. The calculation of all geometrical quantities is

done in any of the three subroutines BOXES, QIRPIN, and
FULPIN. The subroutines QTRPIN and FULPIN are specifically
designed for hexagonal fuel assemblies with desired quarter-
pin partitioning and full-pin partitioning, respectively,
while subroutine B0XES is for all other geometries.

Next, the initial values of all variables are either specified-

or calculated. The subroutine INITAL is the main subroutine
for initialization. It sets up the default values, reads
NAMELIST / DATA /, and calls appropriate subroutines (see Table
2.1) for reading input data, calculating initial values, and
printing, if desired, of input and control parameters.

- After completion of initialization, subroutine OUTPUT is
called to print initial values of all desired variables.

The solution sequence, for which further details are given-

below, is then performed to determine the value of all
dependent variables at the new time. Subroutine TIMSTP
determines the sequence of calling subroutines, required
during the solution sequence. When the values of all
variables at the new time are determined, we return to the
MAIN subroutine.

If printing is desired at this time, subroutine OUTPUT is-

called and desired variables are printed.

If the required number of time steps have been performed, or-

the maximum computation time or the maximum real time is
reached, then computation is terminated and, if requested, the
restart data are written on disk file. Otherwise, old time
values are updated and execution continues for the next time
step.

2.2 SottfrION SEQUENCE

The flow diagram of the solution sequence controlled by the subroutine
TIMSTP is shown in Fig. 2.2. This subroutine TIMSTP can be considered as the
heart of the program. It performs what we call an outer iteration loop.

_ - _
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Ii

,

START

;

| V

i SPECIFY GRID

1r
4

!

INITIALIZATION T = 0
! SET VALUES OF +

i t
! OUTPUT

PRINT INITIAllIED VALUES

i ? v .

i BEGIN TIME STEP
I T = T + AT
! $N.,

BEGIN SOLUTION SEQUENCEa

COMPUTE *

) v i

- > ES
Y

PRINTING DESIRED?
|

!' OUTPUT:g
< PRINT DESIRED.

l 1F VALUES

YES c- MORE TIME STEPS? .

.

| "N0
.

! !

! STOP

!
!

I
'

t

i Fig. 2.1. COMMIX-1B Flow Chart

!

f

'

i
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Tahlu 2.1 f.tst of Initializing Suhroutines

: . _ ____ _

Subroutine ,_ Input, Data,, Function or
,

_.NAMKI,t ST CARDS _ Parameters Initialized'

j __ . __ .

|, I N ITAL. GEOM Initia11zes default values-

DATA and calls initializing
.

j subroutines

! Rod bundle parameters iQUENER INPUTQ -

1REMAL DATA Rebalancing region Rebalancing parameters *

INFORC DATA Force structure Force structure parameters
:

. 1NPSTR STRUCT Thermal structure Thermal structure
! T prototype and parameters
; F location cards

M
i
'

ICTEMP DATA Boundary values of velocity-

; temperature, heat, density,
and pressure

Boundary and Boundary and initial valueBARIN -
,

initial value of pressure, velocity,
cards temperature, enthalpy, heat:

j source, porosity, and
surface area

|
|

Table 2.2 List of Subroutines Related to Turbulence Modeling

i

! Controlling
Subroutines Called Turbulence Model! Parameters

1

Constant turbulentITURKE=0 -

diffusivity model

ITURKE=10 INITUR, TLFIX, VISFIX 0-equation model;

VELOG

ITURKE=11 INITUR, ILFIX, INTURK, TURV12 1-equation model
i

| TKLOOP, TKSORC, VELCEN TKENER
' WLFNCK, SOLVEN, TULOOP

!
i ITURKE=12 INITUR, INTURK, TURV12, TKLOOP, 2-equation model
) TKSORC, VELCEN TKENER, WLFNCK,
: SOLVEN, TDLOOP, TDNER

! ;

i

!, >

'

,

-- _ . - --n- pan.m_-.,,. - . - ,
_ -,....,ww.-,,,__ ,..,,n an.,nm .nn,_, nan _.,,-,-,-~ a.--., _ , . . ,-- --~-, -- -..
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1r
_

n = 0; eN=*

1r

BEGIN OUTER ITERATION LOOP
# :=i+1

if

'N
MASSMENTUM EQUATIONS? : YES

; MASS-MOMENTUM

- =.

YESTURBULENT FLOW? O COMPUTATION OF

AT S

|
,

'
1r

ENERGY EQUATION?
YES

.. ENERGY

LOOP.e

NO CONVERGED?

! x?
'
'YES

,

UPDATE BOU S ARY VALUES

1r

COMPUTE THERMAL

STRUCTURE TEMPERATURES,

1r

PRINT TIME-STEP SUMARY

t
Fig. 2.2. Flow Chart of Solution Sequence in Subroutine TIMSTP
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The three major loop program subroutines are called by TIMSTP. ' They ares

e Mass-Momentum Loop: Mass-momentum equations are solved and
new values of velocities and pressures are computed. Sub-
routine MOLOOP calls required subroutines in sequence to solve
the mass-momentum equations.

e Turbulence Loop: Appropriate subroutines are called (see
Table 2.2), depending on the turbulence model selected. All

required turbulence parameters are calculated.

e Energy Loop: The energy equation is solved and r.ew values of
enthalpy are calculated. Subroutine ENLOOP calls appropriate
subroutines in sequence to solve the energy equation.

The mass-momentum and energy loop program subroutines are discussed in more
detail in Secs. 2.3 and 2.4. The turbulence loop is discussed in Sec. 8.

2.3 MASS-MoisifftM IAOP

The flow chart of the mass-momentum ' loop, as described below, is shown in
Fig. 2.3. The calling sequence is performed in the subroutine MOLOOP.

First calculate the gressure-velocity-relation coefficients u,-

v. It, d", d, and d described in Secs. 4 and 5 of Vol. I.V

These calculations are performed in subroutines XMOMI, YMOMI,
and ZMOM1 for x (or r), y (or 6), and z directions, respec-
tively.

Usingthesepressure-velocity-relationcoefficients,calculage-

the coef ficients of pressure equation, P, ,P, ....a,b
0

(see Table 5.1 of Vol.1) in subroutine P N.

If rebalancing is desired, call either REBAZG or REBAZ. The-

subroutine REBAZG is called if the rebalancing zones are user-
specified, and subroutine REBAZ if the rebalancing is to be
performed in the x, y, or z direction only. Details relating

to rebalancing are presented in Sec. 7.

The pressure equation is then solved in subroutine SOLVIT and-

new pressure values are computed. The solution is performed

using an iterative succesive overrelaxation (SOR) procedure.
The iteration is continued until either the residue of the
pressure equation has reached below the specified convergence
criterion value or the number of iterations have reached the
specified maximum value, called ITMAXP.

Velocities are then updated in subroutine MOMENI using the new-

pressure values and the following relations:

u = u - d"(p2
'

-PO'
#

v = v - d (p4-p0 ' ""
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Fig. 2.3. Flow Diagram of Mass-Mornenttan Loop
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3.2 CONCEPT AND DEFINITIONS

In numerical modeling, a computational flow domain is always partitioned '
into a number of computational cells by means of x, y, and z grid planes in a
Cartesian coordinate system or r, 0, and z in a cylindrical system, as shown
in Fig. 3 .1. In COMMIX we use the conventions described below to define
various elements of a flow domain. A simple box geometry, shown in Fig. 3.2,
is taken as an illustration.

* Computational Cell

In COMMIX, the computational cell is defined by the location of
cell-volume faces with grid point placed in the geometrical center of the
cell. Cell sizes can be nonuniform.

A cc.mputational cell surrounded only by other computational cells is
called an internal cell. If one of the cell surfaces is a boundary surface,
then it is called a boundary cell.

A user must specify the total number of computational cells required
through the FORTRAN variable NM1.

* Boundary Surface

The external boundaries enveloping the flow domain are called the
boundary surfaces. Thase may be solid walls or planes through which fluid can
flow. The geometry in Fig. 3.2a has eight boundary surfaces.

A boundary surface is defined by its unit normal vector. The x, y,
and z components (XNORML, YNORML and ZNORML) of a unit normal vector are
specified such that it points locally into the fluid region. In Fig. 3.2a the
normal vector of surface 2 has components (-1,0,0). Table 3.1 illustrates the
components of the unit normal vectors of eight surfaces of the geometry in
Fig. 3.2a.

Table 3.1 Components of Unit Normal Vectors
of Geometry in Fig. 3.2a

Surface XNORML YNORML ZNORML

1 0 1 0

2 -1 0 0

3 0 0 1

4 1 0 0

5 0 0 -1
6 0 0 -1

7 0 -1 0

8 -1 0 0

- _. _ - _ _ _ _ _ _ _ _ _ _ _ - .



--
_

._

13

/ / / //
/ / / //

*

/ / / // / '

/
/ /
/

/ /
/

/ /
/

/
Fig. 3.la. Partitioning in Cartesian Coordinate System

K'

&<@@'J>
w ,

\~ '
\ J' '
\ /|

~ '
1 \ J
; w sq ,

w ,

Fig. 3.lb. Partitioning in Cylindrical Coordinate System



_ __

14

o h h

O

/s/i
I

| /
I

4 | 2
| |

|
Z |
dl Y g

,/ 3

J a J 6, ,

Fig. 3.2a. Model Geometry Showing Boundary Surfaces

Surface 6

/ -,
s s s s

/ / //
/ ///,

| / s s s
' / / //

/
/

/

/
/s
/

/t

: /
| /

/
#

| /
/

/

Fig. 3.2b. Partitioning of a Model Geometry
Showing Surface Elements'

._ , _.- . - . -



15

e Regular-Surface

A boundary surface coincident with any one of the grid planes is
called a regular surface. The geometery of Fig. 3.2 has all regular surfaces.

* Irregular Surface

A boundary surface non-coincident with any grid plane is called an
irregular surface. In Fig. 3.3a, surface 1 is an irregular surface..

e Surface Number

A user must give a surface number to every boundary surface. The
same surface number can be assigned to all boundary surfaces that have~

- The same unit normal vector and

- The same velocity, pressure, temperature, and heat flux boundary
conditions.

For example, surfaces 2 and 8 in Fig. 3.2a are in two different planes. How-
ever, we can assign them the same surf ace number if they both have the same
unit normal vector and same boundary conditions as illustrated in Fig. 3.4.
Of course, one can also define them as two different surfaces if desired.

If surf aces 3 and 8, as illustrated in Fig. 3.5, have different boundary
conditions, then we must consider them as two different surfaces, even though
the surfaces may be coincident and have the same unit normal vector.

The variable NSURF is used to specify a total number of surfaces.

Note: 'All irregular surfaces mast be numbered before other regular
surfaces are numbered.

* Irregular Cell

If one surface of a computational cell is an irregular surface, then
that cell is called an irregular cell.

Note: A computational cell is permitted to have only one irregular
surface.

e Surface Element

A section of a surf ace between two pairs of consecutive grid lines
is defined as a surface element . A surface can therefore have more than one
surface' element. For example, in Fig. 3.2b, surface 6 has nine surface
elements. The variable NL1 is used to specify the total number of surface
elements.

._
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e Volume Porosity

The geometrical parameter named volume porosity Y is defined as the
ratio of fluid-flow volume in a cell to the total cell volume. The FORTRAN
variable name for volume porosity is AL and its numerical value must lie
between 0 and 1. This parameter is included 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.
3.6a) is

, g , Ax ay A z - volume of prism A ,

Ax Ay Az

Similarily, the volume porosity due to an internal solid structure (Fig.
3.6b) is

, Ax Ay Az - volume of half solid cylinder *,

Ax Ay Az

e Directional Surface Porosity

,

Similar to volume porosity, the directional surface porosity Yg is
defined as the ratio of fluid flow area to total surf ace area. Because Yg is
a directional quantity, we have three surface porosities. The variable names
are ALX, ALY, and ALZ for the x (or r), y (or 0), and z directions, respec-
tively. For example, in Fig. 3.6a,

Y (i+1/2,j ,k) = ALX (cell ijk) = (Ayaz - area A1)/(Ayaz),

Y (1,j+1/2,k) = ALY (cell ijk) = 1.0, andy

Y,(1,j ,k+1/2) = ALZ (cell ijk) = (AxAy - area A3)/(Axay),

and in Fig. 3.6b,

Y (1+1/2,j ,k) = ALX (cell ijk) = (Ayaz - area A5)/(Ayaz),

Y (1,j+1/2,k) = ALY (cell ijk) = 1.0, and

Y (1,j ,k+1/2) = ALZ (cell ijk) = (AxAy - area A4)/(Axay) .

We must mention here that the directional surface porosity is 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 Y x,

Y , and Y z of cell (i,j ,k), we mean Yx at (i+1/2,j ,k), Y at (1,j+1/2,k), andy y
Y, at (1,j ,k+1/2) .
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3.3 RECOIGENDED APPROACH

The task of developing a geometrical model of a' flow domain represents '

Selection of an appropriate coordinate system.-

- Partitioning of a computational 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 a ' 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 generally places an upper limit to
the number of computational cells. The model must therefore try to balance

homogenization of the details 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 on modeling, as most of the
decisions to be made are problem-dependent. The user must follcw his or her
own intuition and judgement. The following are only broad suggestions.

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

* Determine if the geometry to be modeled is amenable to
Cartesian or cylinderical coordinates and use the appropriate
coordinate system.

* Use the HEX-geometry option if it is appropriate.-

3.4 GscesTRY INPUT ,

4

After all maj or questions relating to geometry modeling have been
answered, we can start preparation of geometry input. The following is a
recommended step-by-step procedure.

:

* Specify value of the variable IGEOM.

ICEOM = 0 for Cartesian geometry,

=-1 for cylindrical geometry, and

=>0 for hex geometry (for value of IGEOM, see the ;

'

input description.
.

* Partition the flow domain to be modeled by x, y, and z or r,
0, and z grid planes. Fig. 3.7 illustrates some examples.
Compute and specify the following:

IMAX, JMAX and KMAX: Maximum number of cells in x, y, and z
(or r,0, and z) directions.

I

.__ _ _ _ _
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DX, DY, and DZ: Partitioning distances in x, y, and z

directions.

NSURF: Total number of surfaces.

NMI: Total number of computational cells.

NL1: Total number of surface elements,

o Give surface numbers to all boundary surfaces . Compute and
specify XNORML, YNORML, and ZNORML (the components of unit
normal vectors) for all surfaces.

Note: All irregular surfaces must be numbered first. Parti-

tioning must be done such that each cell has a maximum of
one irregular surface.

* Compute areas of (1) surface elements of all irregular
surfaces, and (2) partially truncated regular surface elements
of irregular cells. Prepare and supply all information
relating to surface elements as described in the section on
" Boundary Surface Identification Cards" in the Input

Description.

e . Compute volume porosity AL and directional surface porosities
ALX, ALY, and ALZ and input this information according to the
section on " Boundary 'Value Initialization Cards" in the Input
Description.

4. INITIALIZAT10tl

4.1 INTRODUCTION

After completion of the geometrical modeling, we need to assign initial
values of temperature, pressure, and velocity to all cells and surfaces. If

we are continuing a previous run, then this initialization is performed
through the restart capability of COMMIX.

The input 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.

A list of initialization variables is given in Table 4 .1. For a more

detailed description please refer to Appendix A. " Input Description."

4.2 SIMPLIFIED PROCEDURES

e 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.

_ _ . _ . _ __ _ _ . _ _
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Table 4.1 List of Variables for Initialization

Variable Initializing InputVariable RemarksName Region Section

Temperature, TEMP $ Internal DATA One value for all cells
*C cell

TL Internal ICIC* Desired internal cells
cell

TEMP (N) Boundary DATA One value for each
surface surface

TLB Surface BVIC** Desired surface elements
element

Velocity, UL,VL,WL Internal ICIC Desired internal cells
m/s cell

VELOC(N) Boundary DATA One value for each
surface surface

VELB Surface BVIC Desired surface elements
element

Pressure PRES $ Internal DATA Hydrostatic pressure
cell distribution

P Internal ICIC Desired internal cells
cell

PRES (N) Boundary DATA One value for each,

surface surface
PB Surface BVIC Desired surf ace elements

; element

Heat' flux, TEMP (N) Boundary DATA One value for each
W/m2 surface surface

QBN Surface BVIC Desired surface elements
element

Enthalpy, HL Internal ICIC Desired internal cells;

J/kg cell

HLB Surface BVIC Desired surface elements
element

Density, RLB Surface BVIC Desired surface elements
kg/m3

Heat source QSOU Internal ICIC Desired internal cells
W/m3 cell

,

*
ICIC: Internal Cell Initialization Cards

**BVIC: Boundary Value Initialization Cards

;

- - .

. - - - , - . - - _- - - , -- - . . - _ .
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e We can prescribe initial hydrostatic pressure distributions in the
entire flow domain by specifying only

t

one pressure value (variable name PRES 9)-

- 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).

,

i' The program then calculates the entire pressure field.
i

e Uniform temperature distribution in the entire flow domain can be |
obtained by specifying only one temperature value to the variable

: TEMP 6

* Uniform temperature and hydrostatic pressure distributions can be
: overridden by using internal-cell initialization cards for desired

(1,j,k) locations.<

i

* The normal velocity, temperature, and pressure for each surface, if4

uniform over a surface, can be prescribed by specifying desired
,

values to variables VELOC(N), TEMP (N), and PRES (N), respectively,
where N is the surf ace number . The surface pressures need to be

,

specified only for a surface with ' the uniform pressure boundary
condition.

e Nonuniform velocity, temperature, and pressure distributions for ,

; surface elements can be specified by using th: boundary-value i

| initialization cards with variables VELB, TLB, and PB. This

I overrides any VELOC(N), TEMP (N), and PRES (N) values.
t

e If surface heat flux instead of temperature is desired to be
prescribed initially, it can be done by specifying the desired value
to the variable TEMP (N), which now has the units W/m2 A nonuniform

i

i heat flux distribution can be specified by using the boundary-value

initialization cards with variable QBN. This overrides any TEMP
' value,

From the prescribed initial temperature and pressure fields, initiale
values of density and enthalpy fields are computed by code using the

; equation-of-state.

!

,
o For a hexagonal fuel-assembly calculation, the z axis is assumed to

| be aligned with the axial length. When gravity is acting along the
0 plane, a one-dimensional ,; z axis and the inlet is from the z =

| initialization option is available (IFROD- 2). In this option, the !

| initialization is performed assuming that transverse velocities are
zero and all variables are functions of z only. Also, the effects'

of fuel assembly drag, static head forces, and internal heat sources
are considered in the initialization of both pressure and
temperature. This option reduces the computer running time for
steady-state solution of hexagonal fuel assemblies.'

B

t

a

, - , - . - _ _ . - . , _ . , _ _ _ - . . _ , . , _ ~ _ . _ _ . , . _ _ _ _ . , - . , , . , _ _ ~ , , _ . . . - , - - _ . _ - - - - - _ , _ , _ _ . , . _ _ _ _ _ . _ - ._ _ _ . _ , .
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The form of the BVIC and ICIC input cards is

*
NAME RVAL IB IE JB JE KB KE N

For example: The boundary value initialization card

TLB 60.0 5 18 7 12 1 6 5

means that we are specifying a surface-temperature value of 60*C to
all surface elements on computational cells having an I value from 5
to 18, J value f rom 7 to 12, and K value from 1.to 6 for surface
number 5. We can see here that one input card in this example
initializes temperature value to 504 surface elements.

Similarly, the internal cell initialization card

TL 60.0 5 18 7 12 1 6,

means that we are specifying a cell-temperature value of 60*C to 504
internal cells having an I value from 5 to 18,.J value from 7'to 12,
and K value from 1-6.

* Before a program reads the input data, all variable values are made
zero. 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 def ault value for a given variable is acceptable,
then the input for that variable need not be specified.

4.3 INPUT PREPARATION

4.3.1 Cell Variables*

In the input preparation of initial cell values, we need to specify the
values of the following variables:

* Three component velocities UL, VL, and WL in m/s,
e Temperature TL in 'C,
e Pressure P in Pa, and

e Heat source QSOU in W/13,

As mentioned above, we have to specify only the non-zero values.

| If we have uniform temperature and hydrostatic pressure distributions at
the start, then we can make use of the simplified procedures and specify onlyi

i TEMP 6 and PRES $ in NAMELIST / DATA / .

I In regard to the heat source, a user has an option either to use
,

volumetric heat source QSOU or to specify it through thermal structures (see
| - Sec. 5).

t

*N for BVIC only.

. - . -- _ . ._ . . _ _ .-
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4.3.2 Boundary Surface Variables

* Types of Boundary Condition

In boundary value initialization, we need to specify the type of
boundary as well as boundary values. The variables used for defining the

types of boundary conditions are:

KFLOW: # for velocity,

KTEMP: # for temperature / heat flux, and

KPRES: # for pressure.

The types of boundary conditions are listed in Tables 4.2-4.4.

Details and description of these options are given in Volume I and Appendix A.

* Boundary Values

The input of initial boundary values is performed through Boundary
Value Initialization Cards. Table 4.5 lists six variables that can be
specified through BVIC. In general, we do not have to specify all six
variables. In Table 4.6, we list the variables that may need initialization.

If a given surface has a uniform value of velocity, temperature, or
pressure, then we can use variables VELOC(N), TEMP (N), or PRES (N) to
initialize it. These values are specified in NAMELIST / DATA /.

5. THERNAL STRUCTURE MDDELING

5.1 INTRODUCTION

e

The purpose of implementing a thermal structure model in COMMIX is to
permit consideration of heat-transfer interaction between fluid and

structures. The model implemented in COMMIX solves one-dimensional heat
conduction equations for all solid structures. It calculates temperature
distribution in solids and heat trancfer from solids to surrounding fluids.
In summary, the output from the thermal structure model is a heat source / sink
term for the fluid' energy equation.

The basic equ * tons, formulations, and features of the model are
described in Volume 1. Here, we describe only the user-related aspects of the
model.

;

5.2 SONE CONCEPTS AND DEFINITIONS

A thermal structure is a solid structure in a fluid-flow domain having
heat-transfer interaction with surrounding fluid. It can be planar, cylin-
drical, or spherical. The COMMIX model permits a structure axis to be aligned
with only one of the three coordinate axes, as shown in Fig. 5.1. For a given

flow domain, we can model as many thermal structures as desired,

a

- - . - - - - - - . - - - - , . - - _ ~ -, - - . - .-. - - . ..
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Table 4.2 Options for Velocity Boundary Condition

Parameter Boundary Physical Remark
KFLOW(N) Condition Type Boundary

^-5 Continuative mass Outlet v =
"

flow outlet (pA)
(one outlet surface
element)

-4 Uniform velocity Outlet v = -(# ^"
"

outlet E(pA)
(several outlet
surface elements)

o

-3 ' Free slip Symmetry v = 0.0; =0
" "surface

No momentum diffusion

AI
-2 Continuative Outlet v =v

" "
velocity outlet

For constant density
and area

= (P "-1 Continuative Outlet v
"momentum outlet p
For constant area

1 Constant velocity Inlet, y *O
"

solid wall
,

v =0

100 + NF Transient velocity Inlet v (t) = v, (0) f (t)
f NF = Transient
'

function number
|

l

| Superscript o - Outlet or boundary value

Superscript AI - Adjacent internal cell

Subscript n - Normal to boundary surface
;

1
;

r

i

,- - - - - - , . - - , , - - - _ , _ . - - _ - _ . _ , . _ , -- - - - - - _ - - - - - . , _ ., ,
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:

Table 4.3 Options for Temperature / Heat Flux Boundary Condition
|

Parameter Boundary Physical Remark |

KTEMP(N) Condition Type Boundary
'

1 Constant Inlet, T, = constant,
temperature solid wall q ,is calculated ,

100 + NF Transient Inlet, T, (t) = T,(0)f(t),
temperature solid wall q ,.is calculated

200 Constant heat Solid wall q,= constant,

flux T,is calculated

300 + NF Transient heat Solid wall q,(t) = q,(0) f (t),
flux T ,is calculated

400 Adiabatic Outlet, q ,= 0.0
symmetry

* *

500 + NF Duct wall Thick wall' q,'" (t) = q'" (0)f(t),
q'" = volumetric heat

source,
,

NF = 0 for constant'

heat. source
1

! This boundary condition
requires additional

i
input (see Sec. 8.6)

Table 4.4 Options for Pressure Boundary Conditione

1

Parameter Boundary Physical Remark
,

KPRES(N) Condition Boundary

No pressure boundaryi 0 - -

condition is applied

1 Constant pressure Inlet-outlet P,= constant

100 + NF* Transient pressure Inlet-outlet P,(t) = P, (0) * F(NF)

j

*NF is.the transient function number.
F(NF) is the NFth transient function.

;
9

1

|

- . _ . -_. - - - . _ - . _ _ _ . _ _ _ _ _ _ - ._ . _ . . . _ . . . . , . . _ _ , . _ , _ - _ . _ . _
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Table 4.5 Variables That Can Be Specified through BVIC

FORTRAN input
Variable names Unit

Enthalpy HLB J/kg
Pressure PB Pa

Heat flux QBN W/m2

Density RLB kg/m3

Temperature TLB *C

Normal velocity VELB m/s

Table 4.6 List of Surface Variables That May
Require Initialization

Type of
Surface Surface Variable Remarks

Solid Wall TLB ar.d/or QBN Nothing if surface
is adiabatic

Symmetry No initialization-

Inlet VELB, TLB or HLB, PB only if pressure
PB boundary is prescribed

Outlet PB Only if pressure
boundary is specified

& _ Computational %
^

Cell

?| .4'/ ; |'

,:- o ,y, , , -

|
1 8 i N -' -

j,J. k;f-A,z _ __ _ _ _ - - - -

n y .-, e

/ |
- -

X

(d) (b)

Fig. 5.1 Illustrations Showing Thermal Structure Alignment:
(a) Cylindrical Structure Aligned to z axis,
(b) Planar Structure Aligned to y axis
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A thermal structure is identified by its unique geometric and physical
features, i .e .

- All~ solid structures having the same grid axis alignment, same

geometric features, and same physical characteristics, even
though spread out in a physical domain, can be considered as
one thermal structure, e .g . , fuel pins in a nuclear reactor,
flow tubes in a heat exchanger.

- One solid structure with the same geometric features but not
having the same physical features throughout, cannot be
modeled as one thermal structure, e .g . , a fuel pin having
different material composition in different axial sections.

In COMMIX computations, each thermal structure is partitioned by grid
planes normal to the structure axis to form several thermal structure
elements, as shown in Fig. 5.2. Each element has its own internal temperature
distribution because the heat conduction equation is solved for each element.

A thermal structure has two surfaces-outer and inner. The outer surface
interacts with surrounding fluid. The inner surface can either be adiabatic
or interact with fluid, as shown in Fig. 5.3. Each element surface .is
permitted to interact only with one fluid cell. However, a fluid cell can

interact with more than one element surface. This can be seen in Figs. 5.4
,

and 5.5.

Each structure can be composed of several material segments. Figure 5.6
illustrates the cross-section of a structure element having

Outside and inside surfaces, numbered 1 and 2, respectively,-

- Three different materials separated by gaps, and

- Each material region divided into a number of partitions.

5.3 THERMAL STRUCTURE SUBROUTINES

There are three major subroutines related to the thermal structure model.
They are:

HSTRUC: Computes heat transfer coefficients for outer and inner
surfaces of all thermal structure elements. It uses
local velocities for Reynolds number and appropriate
user-specified heat transfer correlation to evaluate heat
transfer coefficient.

QSTRUC: Solves the heat conduction equations for each element and
computes the heat source term for the fluid energy
equation.'

TSTRUC: Solves the heat conduction equations for each element and
computes thermal-structure element temperature

distribution.

. _ . . _ - _ -
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Fig. 5.2 An Element of a Thermal Structure
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Fig . %3 Element of a Thermal Structure Showing
Outer and Inner Surfaces

_ _ _ .



)
32

>

|

SeMh *
%d
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Fig. 5.6 Typical Structure Element Showing
Material Regions and Gaps
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The other three subroutines for this model are TSCAN, INPSTR, and PSTRL'C.: The
functions of TSCAN are to scan input and determine storage requirements,
INPSTR reads thermal-structure input and assigns appropriate markers and
pointers, and PSTbUC prints results related to thermal structures. '

5.4 MDDELING REC 000END&T10 BIS

The following is a list of recommendations relating to thermal structure
modeling.

e For a steady-state analysis, we need to model only those solid
structures that have heat sources.

* For a transient analysis, all solid structures, with or witout
heat source, need to be modeled.

o Only plane, cylindrical, or spherical shapes are permitted in
COMMIX. If a structure does not conform to one of these three
shapes, then a user needs to exercise some approximations.

e COMMIX permits modeling of any multiple or fraction of a
structure as one thermal structure; e.g., if there are 10 fuel
pina passing through computational cells (Fig. 5.7a) , we can
consider the fuel pin as a thermal structure with surface area
= 10 x surface area of one pin. Similarly, as shown in Fig.
5.7b, we can consider a fraction of a pin also as a thermal
structure.

e A slab structure (Fig. 5.8) can be considered as either

- a two-sided thermal structure with surf ace area for each
side = A y6 z and thickness = t, or

- a one-sided thermal structure, the other side (inner
surface) being adiabatic, with outer surface area = 24yAz

~

and thickness - t/2.

e In many cases, we find that solid structures are uniformly
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

Voseee

eoooo

(a) (b)

Fig. 5.7 Modeling (a) a Multiple or (b) a Fraction
of a Structure as One Thermal Structure
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Fig. 5.8 Slab Structure Element
I

.

the variable RODFR, which has different meanings, depending on
what and how we specify. We explain this through some
illustrations:

Positive BODFR: COMMIX . computes heat transfer surface area
using the following equation:

Cylindrical Structure

Surf ace Area = (2r rAZ)RODFRg

Plane Structure

Surface Area = RODFR

Here, r is the surface radius (outer radius for outer surface
or inner radius for inner surface), and A Z is the axial

t

length of coolant cell. Therefore, the definition of RODFR is

RODFR: Number or fraction of rods interacting with
coolant cell,

for a cylindrical structure, or

RODFR = surface area.

for a slab-type structure. With this definition, we specify

RODFR = 10 for the illustration in Fig. 5.7a, and 0.25 for the
illustration in Fig. 5.7b.

Negative 30DFR: If we specify a negative value, then COMMIX
uses the following relation to compute heat transfer surface
area

.

- ~ _ _ . _ _ _ _ _ _ _ _
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Cylindrical Structure

Surf ace Area = (2 w r a Z |RODFRO* M area normal tog structure axis.)

' Plane Structure

SurfaceArea=|RODFR|*(Cellareaparalleltostructure
' surface area.)

Therefore, the definition of RODFR for negative specification
is

|RODFR|=numer
r ra r s

cell cross-sectional area
or

IR0DFR| = eat rans er surface ar_e_a___cell cross-sectional area _ ,

With this definition, we specify

RODFR = - 2/ab

for the illustration in Fig. 5.9,

ODFR =
2n r, ( R 1)~#

2

1"~

w(rg + r ) k#2 ~#) '

2 1

C fcc the illustration in Fig. 5.10, and

RODFR = - 1

for the illustration in Fig. 5.8.

a I.s o ,

b O O O O O

O O O O O
2b

O O O O O

O O O O O
3b o o o o o

O O O O O

Fig. 5.9. Uniformly Distributed Rod Bundles
in a Nonuniform Grid

___
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Fig. 5.10. A Cylindrical Shell with Nonuniform Azimuthal Grid

5.5 INPtrf PREPARATION-

5.5.1 Introduction

There are four sectio's of COMMIX input where we specify information thatn
is directly related to thermal structure:

NAMELIST / GEOM /-

NAMELIST / DATA /-

- Thermal Structure Prototype Cards

Thermal Structure Location Cards-

In addition to these directly related inputs, described in the following
sections, we have to supply material properties and heat transfer correla-
tions, which are described in Sec. 8.

5.5.2 NAMELIST-Input

e NAMELIST / GEOM /: Here, we input the variable ISTRUC=1. It

indicates that thermal-structure-related input is to be read
and a computation is to be performed.

e NAMELIST / DATA /: Here, the 13-related variable is NEWTS. We

specify'NEWTSal only if we want to

Modify- or update thermal-structure-related information,-

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 variable comes into operation
only with ISTRUC=1 and ISTATE=0 or 2.

. _ _ _ _ _ _

_ _ _ _
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5.5.3 Prototype Cards

The thermal structure prototype cards are the input cards where we input
all geometric and physical information for all thermal structures. A detailed
description of this input is given in Appendix A. Here we describe it briefly
to explain some input-related rules.

* For each TS we have a set of input cards.
* Each set contains several NAMELIST cards. They are to be in

the following order:

&T For information related to thermal structure,

&F For information related to outer surface fluid,

&M For information related to material 1 and Gap 1
&M For information related to material 2 and Gap 2

:
.

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

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

e The numbering of material regions begins as we traverse from
outer surface to inner surface. To -illustrate the ordering
system, two examples are presented.

Example 1: Ordering sequence of cards for TS shown in l'ig .
5.11a (top):

&T N=, IXYZ=, NT=, RODFR=, OUTR=, &END

&F IHT=, HYD=, &END

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

&M MI=, NP=, DR=, Q'=, SCAP=, HGAP=, &END

&F IHT*, HYD=, &END
,

Example 2: Ordering sequence of cards for TS shown in Fig.
5.llb (bottom):

&T N=, IXYZ=, NT=, RODFR=, OUTR=, &END

&F IHT=, HYD=, &END

h &M MI=, NP=, DR=, Q=, SGAP=, HGAP=, &END
I
' &M Ml=, NP=, DR=, Q=, SGAP=, HGAP=, &END

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

&M MI=, NP=, DR=, Q', SGAP=, HGAP=, &END

The meaning of all FORTRAN variables referred to'in the TS prototype cards is
given in Table 5.1.

_ . . _
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Fluid Inner Surface Outer Surface Fluid

Cap-1

Y

\\\\\\\\ N / ////////
Haterial-2 Haterial-1 /

\ \\\\\\\\ /////////
Outer SurfaceInner Surface

| Cap-3 Gap-2 Cap-1 f
f V V V V

/A /A
*

Hat-4 Mat.3 Mat-2 Mat-1
,

Fig. 5.11 Numbering System of Thermal Structure Material Regions

Table 5.1 List of FORTRAN Variables for TS Prototype Cards

Variable Description

N TS#

IXYZ Number to describe shape and axis alignment (see Appendix A for
numbers)

NT Transient function number for heat source

RODFR Rod fraction to specify surface area

OUTR Outer-surface radius (m)
IHT Heat-transfer correlation number
HYD Hydraulic diameter to be used in the heat transfer

correlation (m)
MI Material number (see Sec. 8)
NP Number of grid partitions in the material for finite-difference

analysis

DR' Thickness of each partition (m)
3

Q Volumetric heat source (W/m )
SGAP Gap thickness (m)

HGAP Gap heat transfer coefficient (W/m2eC)
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Note: If there is no gap between two materials, we specify a
high heat transfer coefficient, e.g.,

SGAP = 0.0, HGAP = 1.E30.

5.5.4 location Cards

The purpose of the location cards is to input TS-element location
information. The format of specifying location information is very similar to
that of boundary value and internal cell initialization cards. The FORMAT is
'(A4, 714), as shown below:

OUT N' IB IE JB JE KB KE
or

IN N IB IE JB JE KB KE

For a two-sided structure, wo specify OUT to describe the locations of the
outer-surface cells and IN to describe the locations of the inner-surface
cells. For one-sided structures, we have "OUT" cards only. The variable N
stands for TS number and IB . . . KE stands for the beginning and ending of 1,j ,
and k indices.

For easy understanding of location input cards, we illustrate a simple
geometry, as shown in Fig. 5.12. The input for the thermal structures in Fig.
5.12 will be as follows:

OUT 1 2 2 1 4 4 9
OUT 2 8 8 1 5 9 9

. 0UT 2 6 6 1 5 9 9
OUT 3 8 8 1 5 2 2
IN 3 8 8 1 5 1 1

6. FORCE-STRUCTURE MODELING

6.1 INTRODUCTION

The purpose of the force-structure modeling in COMMIX is to permit con-
sideration of frictional resistance due to irregular geometry and the presence
of solid structures in a flow domain. In COMMIX, we account for this effect |

by providing an additional distributed-resistance source term in the momentum
equation. To include this distributed-resistance source term in computation,
we need to provide the required information.

6.2 RESISTANCE CORRELATION

In the literature, the pressure drop due to obstructions is expressed in
many different forms, e.g.,

Ap = 4 hf pv2 f, (6.la)

= h hov2 C (6.lb)g,
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Fig. 5.12 TS Location Input

2 K. (6.lc)- pv

The coefficients f, C, K, etc. have been given different names--Fanning
D

friction factor, Darcy friction tactor, drag coefficient, loss coefficient,
etc., depending on the form of the equation.

In COMMIX, we use the following general forms.

2op - C Av f. (6.2)
y

- ___ -. _ - _ _ _ _ . - _ _ _ _ _ _ _ _ _
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j In terms of a distributed-resistance source R, Eq. 6.2 is

#R=C p f. (6.3)g
,

I Here, L [Ax ('. r), A y (RAS ), or A z] is the cell length of a momentum control
, volume, D is the hydraulic diameter or characteristic length, and C is the
i coefficient to account for different definitions of friction factor f.g

The friction factor f in Eqs. 6.2 ~ and 6.3 is generally a function of
Reyno1.>.s number. In COMMIX we use the following form to express the friction-
facto 6 correlation:

!

f=a Re +c .(6.4a)g g
4

j for laminar flow when the Reynolds number Re (= pub /p ) is less than a pre-
defined transition Reynolds number Re and

,

tt,
;

. b
f=a Re +c (6.4b)t

for turbulent (Re > Retr). The subscripts 1, t, and tr stand for laminar,.

turbulent, and transition, respectively.

6.3
r '

IIIPtrf REQUIRBElffS

We can see from the form of the equation in the preceding section that we
{ need the following inputs:

!

e Variables Cg (FORCEF) and D (CLENTH) to compute resistance-
source term (Eq. 6.2),

i

Variables ag (ACORRL), ...., et (CCORRT), and Retr (REYTRN) toe

| compute the friction factor f (Eq . 6.4), and
,

e Reference length L (REYLEN) for Reynolds number Re.

| In addition, we have added the following input requirements.

* NEWFOR A signal to inform that new force structure input
must be read.

i ,
e NFORCE Number of force structures,

l

e NCORR Number of-friction factor correlations.

* ICORR Linkage between a force structure and correlation
number, e.g., ICORR(3)=4 means that correlation 4 j

4 is to be used for force structure 3. I

e Force structure locations.

All input variables related to force structure are listed in Table 6.1.

|

I

,

- . ,_ . . .. _ .- .._ ___,_._ _ _ . m ._._, , , , , _ _ . - - _ , _ _ . , _ , ___m__ _ _ _ _ - --,m_ -_r-___,,
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Table 6.1 List of Input Variables Related to
Force Structure Modeling

FORTRAN Description of COMMIX Input Remark
Name Variable Section

i 'NFORCE No. of force NAMELIST / GEOM / -----

structures

NEWFOR Signal for new NAMELIST / DATA / = 0 for no,

force-structure = 1 for yes;

input applicable for ISTATE=0
or ISTATE=2

CLENTH(NF) D (Eq. 6.2) NAMELIST / DATA / Given a negative value
if desired to use Eq.
6.lc, i.e., when L = D.

FORCEF(NF) Cg (Eq. 6.2) NAMELIST / DATA / -

NCORR' No. of corre- NAMELIST / DATA /
lations

ICORR(NF) Correlation NAMELIST / DATA / See Sec. 6.3
linkage

ACORRL(NC) ag (Eq. 6.4a) NAMELIST / DATA /~ -

BCORRL(NC) bg ( Eq . 6.4 a) NAMELIST / DATA / -

CCORRL(NC) cg (Eq. 6.4a) NAMELIST / DATA / -

t (Eq . 6.4b) NAMELIST / DATA /ACORRT(NC) a -

BCORRT(NC) b '(Eq. 6.4b) NAMELIST / DATA / -

t

t (Eq . 6.4b) NAMELIST / DATA /CCORRT(NC) c -

REYTRN(NC) Retr NAMELIST / DATA / -

REYLEN L Reference NAMELIST / DATA / -

length for
Reynolds
number

XFOR' Force- Force-structure For direction and
YFOR' structure specification location, see Sec. 6.4,

ZFOR; location cards

NF is a force-structure number.
NC is a correlation number.

__ __ _ . - _ - _ _ _ .-- .- . - - - _ _- - . _ . _ _ _ _ _ _ _ _ _ _ . _-
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6.4 FORCE-STRUCTURE IACATIONS

The force-structure location information is provided through force-
structure specification cards. The FORMAT is ( A4,714), as shown below.

XFORS
or

YFOR p NF IB IE JB JE KB KE
or

ZFORj

We specify XFOR, YFOR, or ZFOR to input the direction of force. The variable
NF stands for the force-structure number, and IB .... KE stand for beginning
and ending i, j, k indices of cell locations. For more details relating to
force-structure location input, see Appendix A.

6.5 IWDELIIIG RECOISIENDATIONS

6.5.1 Staggered Grid System

'In the finite-difference forrtulation, the frictional resistance due to a
solid structure in a flow domain is considered an additional source term in
the momentum equation. Since a staggered-grid system is used in COMMIX, the
control volumes for the momentum equations are displaced, as illustrated in
Fig. 6.1. It is ' therefore important t c, remember during modeling of the
resistance term that:

The distributed resistance source term is for the staggered-

control volume as shown in Fig. 6.1, and

The reference velocity used in the resistance-source term-

equation is the velocity at the face of a cell (or at the
. center of a momentum control volume).

" "*"*"*
Cell (ijk) control volume

8 (i+1 j,k)
u

y (i,j ,k) I

d i | 'N x
; x

Fig. 6.1 x-Momentum Control Volume in a Staggered Grid System

_ _ - , ._.__. . __
_ . _ _ _ _ _ _ _ _
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To illustrate this point, we consider the case of sudden enlargement, as shown
in Fig. 6.2. The pressure loss due to abrupt change in area is generally
expressed in terms of the loss coefficient K or K depending upon whichg 2
reference velocity is used.

Ap"K .g

Homentum Control Volume

/
7/7//y/////#7{""""'

o I g

: V t ^2A 1y

I g
"

H H)Hff////f/
_

Fig. 6.2a Sudden Enlargement (Reference Velocity Vg)

Homentum Control Volume

/ a7,y , ,, y g w/ wpm /w
i Io

A 4 -V I ^2t 2
I t

u i t

fffffff f /

Fig. 6.2b Sudden Enlargement (Reference Velocity V )2

_ - - - _. ~_- -
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=K PY
2 2'

!

where subscripts 1 and 2 refer to smaller and larger cross-sections, respec-
tively. In such cases, a user has to look at the location of abrupt expansion
(see Fig. 6.2) and then prescribe a suitable correlation for either Kg or K '2

6.5.2 Friction-Factor Library

Ocassionally, a COMMIX user may be faced with the situation that the
desired correlation is not of a form described in Sec. 6.2. The uaer 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 six correlations, as described in Volume I, have been
added to the library.

A user who wishes to define an additional correlation can first examine
the subroutine FORCES to see what correlation numbers are f ree and available.
Then, with other library correlations as a guide, a new correlation can be
inserted appropriately in subroutine FORCES and recompiled.

6.5.3 1.ist of Correlations

To save the user time from searching the vast literature, we have
collected a set of correlations that we feel are most commonly needed by
COMMIX users. 'Ihese 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. MASS REBALANCING

7 .1 INTRODUCTION

The purpose of mass rebalancing in COMMIX is to expedite convergence of
the SOR solution of the pressure equation and save computer running time. The
description of the scheme and derivation of the mass-rebalancing equations are
described in Volume I. The description presented here is aimed at guiding a
reader in the use of the scheme.

7.2 DESCRIPTION

In the mass rebalancing, we form a coarse mesh domain by combining
several fine mesh cells as shown in Fig. 7 .1. A coarse mesh containing
several computational cells is called a region. By forming a coarse mesh
domain, we solve a smaller set of pressure correction equations. This helps
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Fig. 7.1 Coarse Mesh Showing Rebalancing Regions

in resolving large-scale distributions ' rapidly and thus reduces the number of |

iterations required for the final solution of fine-mesh pressure equations.

In COMMIX, we have provided two possible options. 'Ihey ares

e Plane-by-Plane Rebalancing: In this option we perform plane-by-
plane rebalancing in either the x direction (IXREB-1), y direction
(IYREB=1), or z direction (IZRE8=1). Here, all cells of a plane (x,
y, or z directional) are combined to form a region. The option is
ideally suitable for simple geometries where flow is largely one-
dimensional, e.g., flow through a pipe or flow through a reactor
core.

e User-Specified: When a geometry is complex and flow is smilti-'

dimensional, plane-by-plane rebalancing is not suitable. We have
therefore implemented a generalized rebalancing scheme where a user
can select and define the rebalancing regions.

There are three subroutines related to rebalancing

|

__ . - _ - - _ _ _ _ _ _ _ . _ . - _ _ _ _ _ - _ . ~ _ _ . . _ _ _ ._ _ _ _ - - _ - . _ _
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luEBAL To perform initialization for user-specified rebalancing
scheme,

REBAZ To perform plane-by plane rebalancing, and

REBAZG To perform user-specified rebalancing.

Suggestions and samples are presented in the following sections.

7.3 REC 000ENDAT10NS

e Rebalancing is recommended for all problems. If a flow domain is
very complex and difficult to divide into several rebalancing zones,
then we recommend rebalancing by considering the whole flow domain
as one rebalancing region,

e Some rules must be followed in forming the rebalancing regions:

Rebalancing regions met be within the fluid domain.-

A region N unset have neighboring cells only in the regions N-1-

or N&l.

A surface between regions N and N+1 is called surface 'n'.-

Mass flow between regien N and N+1 met be only through surface
'n'. Therefore, parallel paths as separate regions are not
permissible (see Fig. 7.2). However, combining all parallel
paths into a one region is permissible (see Fig. 7.3).

WNNNNNNNN\NNN\ NNN\\NNsNNNN sNN
) i i s's i N

N\Nk '
N

s\\\\\\M '= * -

I

3 T- ; j' =

ANNNNN NNNNNNN NN NN NNNN NNNN N NW

Fig. 7.2 Unacceptable Arrangement

g\\ \ \ \ \ \ N \ \ Q\ \ \ \ \ \ \ \\ \ \ \ s
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: - 2 \
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-- 2 ' - --
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'
=
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Fig. 7.3 Permissible Arrangement

-. . - . . - - - - _ . - - _ _
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!One approach to forming rebalancing regions is as follows:e

Run a simulation for several time ateps without rebalancing.-

Look at the resulting pressure distribution. Form rebalancing

regions by placing rebalancing surfaces between regions of |
i

grossly different pressures.
l

7.4 INFIFF PREF & RATION

The input required for plane-by-plane and user-specified rebalancing are :

described below: |
i

re Place-by-Plane

For plane-by-plane rebalancing, only two input variables need to be
specified
e IXREB = 1, if rebalancing in x-direction, or

IYREB = 1, if rebalancing in y-direction, or
IZREB = 1, if rebalancing in z-direction,

and

e IREBIT = reblancing frequency; e.g., IREBIT = 1 means
rebalancing every iteration, and IREBIT = 10
means rebalancing every 10th iteration. )

e User-specified ;

For a use r-specified rebalancing, we must input seven
variables (see Table 7.1) in NAMELIST/GEON and NAMELIST/ DATA, ,

and location information through REBALANCING REGION CARDS. |
Both, the rebalancing-region location and rebalancing-surface i

locations must be specified. The FORMAT of the rebalancing- (
'

region location input is (A4,714):
REBM NR IB IE JB JE KB KE i

*

We specify REBM for prescribing cells - in the region NR. IB
KE are the beginning and ending indices of cell

"

....

locations.

The FORMAT for the rebalancing-surf ace location input is also
(A4,714):

i
'

RE3X'
REBY NR IB IE JB JE KB KE !

REBZ

We specify REBX, REBY, or REBZ to define whether it is the x,
y, or a surface becween the region NR and NR+1. The variables
IB .... KE are for beginning and ending indices for a surface ;

between regions NR and NR+1.

For more detail relating to 'ebalancing-location input, see
Appendix A.

i

|

!

-.__ _ _._
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-Table 7.1. List of Variables for User-Specified Rebalancing

Variable Description Input Section

IFREB For storage requirement. IFREB = number CEOM
of cells in rebalancing regions plus
number of cells on rebalancing surf aces.

NEWREB Signal for new rebalancing input when DATA
ISTATE = 0 or 2.

NREBRT Number of rebalancing regions DATA

NREBX(NR) Number of x, y, and z surfaces DATA
NREBY(NR) between the regions NR and NR+1 DATA
NREBZ(NR) DATA

IREBIT Rebalancing frequency DATA

8. AURILIARY INPUT

In addition to geometry specification, initialization and model input,
there are several auxiliary inputs that a user may need to provide. These
inputs are briefly described here. More detailed information is presented in
Appendix A.

8.1 NEAT TRANSFER ODERELATION

The porpose of the heat transfer correlation input is to provide informa-
tion required in the calculation of the surface heat transfer coefficient in

.

I

duct-wall and thermal-stucture models. The model equation for the heat
transfer correlation in COMMIX is

Nu = Cg+C2 Re 3, (8.1)

where, Nu is the Nusselt number, Re is the Reynolds number, and Cg, C2 and C3
are user-input constant coefficients.

The input variables related to heat-transfer carrelations are:

NHEATC Number of correlations,

HEATCl(NH) Coefficient Cg for correlation NH,
HEATC2(NH) Coefficient C2 for correlation NH, and
HEATC3(NH) Coefficient C3 for correlation NH.

The input section is NAMELIST / DATA /. The linkage to the duct-wall model
is through variable IHTWAL(N) in NAMELIST / DATA /, and the linkage to the
thermal structure model is through variable IHT in the thermal structure
prototype cards NAMELIST /F/, e.g., IHTWAL(5) 3 means heat transfer=

correlation 3 is to be used for surf ace 5, and IHT = 3 means heat transfer
correlation 3 is to be used for that fluid / structure heat transfer.
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8.2 MATERIAL PROPERTIES

The material properties input provides thermophysical properties of
solids, e.g., stainless steel, used in the thermal-structure and duct-wall
models.

The model equations for thermophysical properties in COMMIX are

k = c, + c T +cT (W/m *C) (8.2),
2

c c c

p 0 * "1 *C ( g- W , and (8.3)c =c
2

= [0 + g/my . (84+p
1 2

Here, k, c, and p are thermal conductivity, specific heat, and densityp
respectively, eg, et, and c2 are the user-specified coefficients, and T is the
temperature in C.

The input variables related to material properties are:

NMATER Number of solid materials,

C$K(NM) '
ClK(NM) Conductivity-equatton coefficients,
C2K(NM)-

C$CP(NM)'
C1CP(NM) Specific-heat-equation coefficients, and
C2CP(NM)

C$R0(NM)'
ClR0(NM) Density-equation coefficients.-

C2R$(NM),

The input section is NAMELIST / DATA /. The linkages to the duct-wall
model is through the variable MATWAL(N) in NAMELIST / DATA /; and linkage to the
therasi-structure model is through MI in the thermal-structure prototype card
NAMELIST /M/; e.g., MAWAL(3) = 5 means use the property values of material 5
for surface 3.

8.3 SIMPLIFIED PROPERTIES

The simplified properties input provides thermophysical properties of a
fluid being considered for numerical simulation.

There are two built-in property packages in COMMIX--for liquid sodium and
for liquid water. The simplified-property package is provided as an option
for simulating fluids different from liquid sodium or liquid water.

'

The model equations for thermophysical properties are

h=C +C T (J/kg) (8.5),

- - - - _ . . _ , _ - -_
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- 8, + d T (kg/m ) (. 6)3p
i ,

k=C '+C T (W/m 'C) , and (8.7)3

;. . . ,, ,, 1 (Fa..> (...).
,

,

Here, h, p , k, u , and T are enthalpy, density, conductivity, viscosity, and1

,

temperature respectively. C0 and Cg are the user-specified coefficients.

The input variables ares

FC#H,FClH Coefficients of enthalpy equation,
| FC6RO,FCIRO Coefficients of density equation, !
!

FC6K,FClK Coefficients of conductivity equation, and'

FC#MU,FClMU Coefficients of viscosity equation.
Additional variables are:

1 IFPROP 1 for simplified properties option and
I

! FCTLO' A small property table is printed with five temperature
FCTHIJ values ranging from FCTLO to FCTHI at pressure PRESd.

1

The input section is NAMELIST / DATA /.

8.4 TUESULENCE IWDEL1HG

! In . COMMIX-1B ', we have provided four turbulence-model options for |

| simulating turbulent flows. They are !

} Constant diffusivity model,-

Zero-equation model,-

! One-equation model, and-

Two-equation model.-
;
'

,

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

! 8.4.1 Signal Farameter

i
; The variable ITURKE in NAMELIST /CEOM/ specifies which turbulence model [
| is to be used.
1

i ITURKE 0 No turbulence model (laminar flow) or constant diffusivity
) model,

j 10 Zero-equation model,
'l 11 One-equation model, and
1
: 12 Theo-equation model.
I

i

i,

,e-----~ r,.---,-.~e. ,..,,m.-,,,__---ei_.-.e y-e- . - - - - . - - - vm ,w-m ,--ww--wy,--7.-~ _ ,g, 4--
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5 8.4.2 Constant-Diffusivity Model

In the constant-dif fusivity (model (ITURKE=0), a user needs to sp(ecify) thetur) and turbulent conductivity A I"of turbulent viscosity p t

NAMELIST / DATA /. The corresponding FORTRAN variables are TURBV and NRBC,values

respectively.

It is recommended that values be prescribed that have been obtained from
the experimental data. If such values are not available, then a user can
either estimate or use Eq. 6.4 of Volume I to compute ptur and then prescribe.

,

If the information about turbulent conductivity is not available or can
;
' not be estimated, then a user can prescribe values for

CHARRE Characteristic Reynolds number and

CHART Characteristic temperature ('C)

in NAMELIST / DATA /. The code then uses Eq. 6.10 of Volume I to compute the
turbulent conductivity.

i

8.4.3 Zero-Equation Model
>

In the zero-equation model (ITURKE=10), turbulent diffusivities are
computed using the following equations:

= pi (velocity gradient) and (8.9)
1 9 tur

" (8.10)
A tur " .

r

|
Here, the mixing length 1 is related to the distance y from the nearest wall
as

|

: A = Ky (for y < ycutoff = 0.175 D )' (O'II)h

= Ky utoff (I f Y > Ycutoff = 0.175 D ). (8.12)h; c

Pe is the turbulent Prandt1 number, and K is the Von Karman constant with
-

tur
recommended value of K = 0.42. ,

,

!

! Therefore, the input requirements for the 0-equation model in NAMELIST
,

/ DATA / are the following.'

AKAPPA Von Karman constant k with default value 0.42.

HYDIN Hydraulic diameter D . (For hex-geometry option, IGE 0H > ,

h
0, this variable is internally computed.)

PRNDLH Turbulent Prandt1 number Petur' 'N

8.' .4 One-Equation Model

In the 1-equation model (ITURKE=11), we solve the transport equation for
turbulence kinetic energy k and compute turbulent diffusivities using the
relations,

i
i

-_ _ _ _ _ . _ _ , . - , _ . . . . _ , , _ _ , . _ _ _ _ _ _ , _ _ _ , _ . , _ _ _ _ _ , . _ _ _ . _ , _ . _ _ , _ - , _ . . . . _ , _ _ _ _ _ . _ . _ _ , , . - _ _ . . _ _ __ _ _ ,
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C ED
(8.13)D tur " c

and

(0*IO)* *

tur P

Here, C is the user-specified coefficient, c is the specific heat, Pr isD p tur
the user-specified turbulent Prandt1 number, and

; C !' k !
Dc= (8.15)g

is the dissipation rate of turbulent kinetic energy. The mi xing-length scale
1 in Eq. 8.15 is calculated by

1 = ky (for y < ycutoff)

= kycutoff (f T Y > Y utoff). (8.16)c

Here, k is the von Karman constant, y is the distance from the nearest
1

surface,

(8.17)Ycutoff = 0.175 Dh

is the cutoff value for the distance y, and Dh is the hydraulic diameter.

For this model, we therefore need to input the following variables:

AKAPPA Von Karman constant k,

D in Eq. 8.13,CDTURB Coefficient C

HYDIN Hydraulic diameter D , andh

PRNDLH Turbulent Frandt1 number Pe '
t

In addition, we need to input several variables that are needed for the
solution of the k equation. They ares

!

CHARRE Characteristic ReynoNa number,
CHART Characteristic temperature ('C),
EE Coef ficient for shear stress near wall (Eq. 6.32 of Volume I),
PRNDLK' Turbulent Frandel number for k diffusivity used in Eq. 6.21

'

of Volume I,

TDIN Coef ficient in the computation of inlet dissipation ra:e .

cin = (TDIN) k .5 , and (8.18)l

TKIN Coefficient in the computation of inlet turbulence kinetic<

energy.

.

i
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4.4.5 hoo-Equation 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 c. These turbulent diffusivities are calculated using the following

relations:

C #D
and (8.19)u,,, -

,

( }A tur " Pr **

,

Input required to compute turbulent dif fusivities includes:
CDTURB Coefficient C in Eq . 8.19 andD

PRNDLH Turbulent Prandt1 number Petur'

Additional input is required relating to the transport equations of k and ct

AKAPPA' Von Karman constant K and hydraulic diameter Dh f0f

HYDIN length scale calculation,
,

CHARRE Characteristic Reynolds number,

CHART Characteristic temperature (*C),

CT1I Constants used in the transport equation for dissipation

CT2) rate c (Eq. 6.25 in Volume 1),

EE Coefficient used in the computation of wall shear stress (Eq.
6.32 in Volume I),

PRNDLD Turbulent Prandt1 number for e diffisuvity used ir the transport
equation for c,

PRNDLK Turbulent Prandt1 number for k diffusivity used in the transport
equation for k, and

lTDIN Coefficients used in the equations for computation of inlet
TKIN values of c and k, respectively.i

.

4.4.6 Auxiliary Input

In addition to the inputo described in the previous sections, there are
several inputs that a user may need for the turbulence model. The purpose of
such input is to perform some secondary functions, e.g., to control and
monitor the solution, etc. These inputs are briefly described in Table 8.1.

;

i

1

|
_- _ . . - - _ _ _ _ _ _ _ _ _ _ _ _ _ ___. . _ _ _ _ _ _ _ -__ . _ _ _ _ _ . _ . . _ _ _ . _



_ _ _ _ _ _ _ _ _ _ _ ____ _ _ . _ _ _ . _ _ _ _ _ _ _ _ __ _ _ - _ _ _ _ _ _ _ _ _

55

Table 8.1 Possible Additional Inputs for Turbulence Model
!

; Variable Function Models

ITMAXK Maximum number of iterations 1- and 2-equation
for k equation4

NTJUMP Frequency of calling turbulence 1- and 2-equation
subroutines

,

OMEGAT Relaxation factor for turbulent 0, 1, and 2-equation
viscosity

OMEGAK Relaxation factor used in the 1- and 2-equation
solution of k equation

OMEGAD Relaxation factor used in the 2-equation
solution of c equation

RELAXK Relaxation factor for k 1- and 2-equation
EPS6 Convergence criterion for 1- and 2-equation

the k equation and c equation

4.5 DUCT-WA1.1. MooEL
I

The duct-wall model input permits consideration of the thermal inertia
(transient thermal response) of a boundary wall of finite thickness. If a
user desires, one could alternatively account for the thermal inertia of a
duct wall through thermal-structure modeling.

i The following is a list of variables that need specification for the
; application of a duct-wall boundary condition.
] WALLDX(N) Wall th..ekness (m).

MAWAL(N) Mat tial type number; e.g., MAWAL(4) = 3, means that
surf ace 4 has Material Type 3.

WALLQS(N) Avert.ge volumetric heat source QO ( !" } '
| QK(K) Axial-distribution function.
i

! QIJ(1,J) Radial-distribution function.
IHWAL(N) Heat-transfer correlation number for calculation of

heat transfer coefficient h g.y
l

HYDWAL(N) Characteristic length for heat transfer correlation.

HSINK(N) Heat-transfer coefficient h,, (W/m2eC).

TSINK(N) Surrounding temperature Tsink ('C).

The input seition is NAMELIST / DATA / . The linkage to the duct wall is
; through temperature boundary condition specification, e.g., KTEMP(N) = 500 +

NF means the transient function te to be used for duct-wall surface N.|

!

,

t

i.- ._ . - - -_,..,_-__,_..._,p -,.,m __,.rm_,_ . . . _ . - . _ , . 3_._m._m - _ , , . m-.__m,.7 ,,,.,.,,,_..__,-,.,-,.y_.,_, , _ _ _ ,_
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8.6 NUMERICAL DIFFUSION

When flow is inclined to grid lines, and the pure-upwind scheme is used
to formulate convection terms, numerical diffusion may result. To reduce
numerical diffusion, we have provided two additional options in COMMIX-1B--the
skew-upwind dif ference scheme and the volume-weighted skew-upwind dif ference
scheme. The variables that a user needs to input to use these options are:

IESKEW Signal select the desired option and
ISKBAR To determine whether we desire to use two or four surrounding

velocities for computing convection terms.

Detailed explanations of these variables are given in Appendix A.

8.7 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 t+At and time step n+1 are
calculated. By repeating this procedure, the thermal-hydraulic conditions are
determined for the desired time span.

For a steady-state calculation, the same procedure is followed. We start
with an initial state and continue the marching-in-time process until the
values of all dependent variables become slowly varying. The time step size

for the implicit-steady-state calculation can be very large, e.g., as large as

10-20 times the Courant time step criterion.

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

e A user can prescribe the desired time step size as input. The
details of this input are given in Appendix A.

e The automatic tire step option can be used.

In the automatic time step option, the time step size is evaluated based
on the Courant condition:

At = C At (8.21)g C,

where C; is the user prescribed coefficient. s.d at is the time step sizeC
evaluated from the Ccurant condition. The Courant time step size is the
minimum time required for fluid to be convected through a cell.

The following list of input variables are related to time step size.

IDTIME Signals whether user-specified or Courant time step. *

'

DT(1) DT(1) is the time step size for steps 1 through LASTDT.
DT(2) is the time step size for steps af ter 1.ASTDT.DT(2) >

LASTDT

RDTIME Factor Cg ased for multiplying the Courant time step size
( Eq . 8 .21) .
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TIMAX\ Variables to define limits on maximum time and/or maximum
NTMAXj number of time steps before stopping computation.

8.8 RELAIATION PARAfETERS

The finite-difference discretization equations in COMMIX have been
constructed such that, if there were no interlinkages and nonlinearities,
convergence would be certain. However, because the equations of interest
almost always contain nonlinear and interlinked influences, care has to be
taken to prevent divergence. One simple strategy is to slow down the changes
that would occur from iteration to iteration. This is accomplished via under-
relaxation.

8.8.1 Implicit Underrelaxation

The general finite-difference discretization equation of COMMIX is

a'0* 0
4a $g + a'0 0+ 0, (8.22)=
g

A

where the subscript i denotes the neighbor points. This equation can be
modified as follows. From Eq. 8.22 we can write

a a

g *1 * 0+ 00
(8.23)-$

0 " * [O a$ a$ .
o o

Also, let

$ "*" = w$0 + (1 - w) (8.24),

*

where $ denotes the last iteration value of $ ' 90 denotes the value obtained0 0
directly if Eq. 8.22 is solved, and w is the underrelaxation factor. Substi-
tution of Eq. 8.23 in Eq. 8.24 and rearrat:gement gives

(a+0 " 4 a#g$ g + a*00+ 0 + (1 - w a'0/w (8.29! =
.

0

When $0 becomes equal to $ 0 (i.e., the iterations converge), Eq. 8.25 becomes
identical to Eq . 8.22. In the meantime, hoyever, Eq . 8.25 would have a
tendency to keep the resulting $h*" closer to $ than Eq. 8.22 would provided

0
the relaxation factor w is less than 1. A value of w close to zero would
indicate very heavy underrelaxation.

For the velocity components, a conservative value of w 0.7 can be=

used. The energy equation can be conservatively ..derrelaxed by using w =
0.8. These values should be regarded as only initial suggestions; a proper set
of w values should be obtained by actual experience for a given class of
problems. In COMMIX, the input parameters OMEGAV, OMEGAE, OMEGAK, and OMEGAD
are provided for implicit underrelaxing velocities u, v, and w, enthalphy h,
turbulence kinetic energy k, and dissipation rate of turbulence kinetic energy
c, respectively.
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8.8.2 Successive Over Enlamation Factors

The following SOR relaxation factors have been included in COMMIX:

OMEGA for pressure,

RELAXE for enthalpy h, and

RELAXK for turbulence kinetic energy k.

8.9 OUTPUT

An input procedure, described in Appendix A, is provided for printing
array values of a range of variables at given locations (specified plane) and
at a given time or time step.

9. STEADY-STATE CALCULATION

9.1 INTRODUCTION

In COMMIX, even if we are analyzing a transient problem, we need to first
obtain a steady-state solution to generate an initial condition for the
transient problem.

To perform a steady-state calculation, we consider the problem as if it
were a transient problem. We prescribe an estimated distribution of dependent
variables as our initial condition and continue marching in time until the
distribution becomes slowly varying.

9.2 INPUT PREPARATION

To start a steady-state calculation, we prescribe

o Control flag ISTATE=0.

e Control flag IFRES=1.

e ALPHA =1; for steady-state simulation, we recommen 1 the fully-
implicit procedure.

* Geometrical information.

e Constant-value boundary conditions.

e Our best estimated values as initial conditions; to save
computer running time, it is recommended that initial
estimated values be prescribed as close as possible to the
expected solution,

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

_ _ . _ _ ___ __ _ _ . . _ _ . _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ - . . _ . . _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _
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e Time step size DT can be large. We recommend starting with
DT=1000 sec. If it brings a convergence problem, then it can
be reduced to, say, 100 see or 10 see or even less.

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

e Force-structure input, if any.

e Thermal structure modeling with heat source, if any.

Note: For a steady-state calculation, only the thermal
structures with heat source need to be considered.

The control flag IFRES=1 implies that we are starting a new case and that
at the end of the run we want the results to be written on a restart file. If
we do not desire a restart file to be written, then we prescribe IFRES=0. For
continuation of a steady-state run, we specify

e ISTATE=1 and

e IFRES=3

in the continuation-run input.

9.3 STEADY-STATE CONVERGENCE CRITERION
.

We define a steady-state solution as having been achieved when the
following steady-state criteria are satisfied simultaneously

(|Ah| <h 3*
max

(vel >0LX /\
|Au 4g

3'

{ |Av| \ <
\VElJtAX/ 3'

V lit < *3 , and

|6 |,,x < DCONV .

Here, Au, .... Ah are the changes between successive time steps, 6 is the mass
residue, c3 is the steady-state convergence criterion, VE1JfAX is the maxin.um
of all velocity magnitudes, and DCONV is the convergence parsneter calculated
using the relation

DCONV = c "+ +A +* (9 'l)*
1 A

max ,

. . - _ _ - . - - . _ _ ,_. - _ _ - - . . - - - - _ . - . _ _ _ - . _ - - . , _ _
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The default values of the convergence parameters e t , c 2, and c 3, are 1.0E-4,
1.0E-6, and 5.0E-5, respectively .

10. TRANSIENT CAIEULATIONS

10.1 IlffEODUCTION

We consider that in COMMIX any one or a combination of the following
conditions can make a problem transient:

Transient velocity boundary condition,-

Transient temperature boundary condition.-

Transient pressure boundary condition, and/or-

Transient heat source.-

10.2 PROCEDURE

For running a transient problem, we recommend the following procedure

e Obtain a steady-state solution 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 = 0 of the transient problem.

* Run the transient problem, using the restart data and the
following additional input

ISTATE = 2.-

TSTART = starting time of the transient.-

100+NF; this is for the transient velocityKFLOW(N) =-

boundary condition. NF defines the transient function
number to be used for the transient condition on surface
N.

100+NF or 300+NF; this is for the transientKTEMP(N) =-

temperature or heat flux boundary condition. NF defines
the transient function number to be used for transient
condition on surface N.

NOFQT: A transient function number to be used to-

describe the normalized heat source.

TVAL: Values of the independent variable (time) of the-

transient functions.

FVAL: Values of the dependent variable of the transient-

functions.



bl
-

- NEND(N): Number of point values used to prescribe the
,

transient function #N.

- Other ancillary information-time step size, output, etc.

10.3 TRANSIENT FUNCTIONS

In COMMIX we use the relation
.

F(t) = F(0) * f(t) (14.2)

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

e A set of f and t values must be prescribed for each transient
function. Cubic spline-fit coefficients are evaluated to
approximate a transient function as a polynomial.

^

e 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 f and t, respectively.

* NEND(NF) is the number of discrete f and t values prescribed
for transient function #NF.

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

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

10.4 DECOUPLED TRANSIENT CALCULATION
1

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

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

*Here, decoupling means solving either the mass-momentum or the energy equa-
tion only at a given time step.

J

t

-- - -- ---- - . - , . , , - , , , , - - -- - , -,.., .,,.n, . . - ,--n.,.---.-,e .---n-w. -r e . - - - - - - - - , . -
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!e Decoupling reduces the number,of. iterations required per time-
~

step, and.
|

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

,

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

- mass-momentum equation, or

- energy equation, or

mass-momentum and energy equations-

at any time step.

The decoupling option is ideal for:

e A very long transient that might normally requirn prohib-
itively long computer running time, but which we are willing
to consider as a quasi-transient problem, N

e A transient with slowly varying velocity field, or

e A transient with slowly varying energy field.

The input parameters for invoking the decoupled calculation are ISETMO
Iand ISETEN. The positive (negative) integer value of these parameters

indicate the time step frequency with which the corresponding equation is
solved (or not solved); e.g.,

* When ISETMO = 1 and ISETEN = 3, the mass-momentum equations
are solved every time step and the energy equation is solved
every third time step as indicated in the following table:

Time Step 1 2 3 4 5 6 7

Equations M M M M M M M
Solved E E

e When ISETMO = 3 and ISETEN = -3, the mass-momentum equation
is solved every third time step and the energy equation is not
solved at every third time-step. The following table
describes the decoupling sequence:

Time Step 1 2 3 4 5 6 7

Equations E E M E E M E

Solved

With proper combinations of ISETM0 and ISETEN, a user can set any desired
order of decoupling.

- - . - _ _ _ _ - _ . _ . _ - _ _ _ . . _ , _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ - _ _ _ -
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}

The decoupling procedure can save a significant amount of computer;

running time. However, a user should be aware that the decoupled solution can
drift from a true solution in cases where gignificant changes in the energy

1 (velocity) field occur before the energy (mass-momentum) equation is once
j again solved. The optimum values of ISETMO, ISETEN, and the time step size
~ are, of course, problem-dependent and should be obtained by actual experience
I for a given class of problems.

|

11. OPERATING C00etiX-15
J
4

11.1 LOAD MDDUI.E CREATION

To ease the task of creating load modules (binary files) to fit the, size
,

| of the problem being considered, we have implemented a quasi-dynamic storage
j allocation scheme. Space for most of the geometry-dependent variables is

allocated in the variable S 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. The!

f total length necessary to run a problem is compared with the storage available
i in COMMON / SPACE /. If the available storage is inadequate, execucion termi-

nates with a message indicating the space required. By changing the dimension'

j of S in SUBROUTINE ALTER to the value indicated, and then recompiling and
j relinking ALTER to the existing load module, a new load module of the required
; size can be obtained.

Our practice is to maintain what we refer to as a base-load module in
i which the COMMON / SPACE / variable S has a small value. By executing a problem

on the base-load module, one can determine from the output the exact size of S
needed to execute a problem. By specifying the appropriate dimension of S in

| SUBROUTINE ALTER, compiling and relinking with the base load module, one can
| obtain the required load module quickly and inexpensively.
)

i 11.2 INPtFf/0UTPUT
1

11.2.1 Input Data File 5

The input for File 5 is described in Appendix A. The most current

; version of the input description is generally distributed with the code.

I
: The input contains a mixture of NAMELIST and formatted data. It is
j rewound to allow for multiple passes through the f11e. A user may wish to

change the file number of the read statements if 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 5 and summary 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, PITPRNT, and TPRNT, which are described in
Appendix A.
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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 subsc-
quent job f rom File 9 to permit continnei processing from the point at which
the restart file was written.

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

- Steady state is reached,

- The time specified for 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
" Restart Option" section under "NAMELIST /CEOM/" and the " Time and Time Step
Related Parameter" section under "NAMELIST / DATA /" in Appendix A.

After the restart information has been written to File 10, several addi-
tional records are written. These records contain, in effect, a snapshot of
the simulation as it existed when the restart was written. This information
can then be used, by interf acing 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 turned on,
however, it is 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 t empe ra ture fields are
written. This file can then be used to interface with the user's plotting
routines.

11.3 C009(IX ERROE DETECTION AND DIACNOSTICS

It is generally impossible to anticipate all the possible error condi-
tions that one might encounter 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 ERRCHK. This subroutine

! prints short error messages and determines whether processing can continue or
must terminate.

!

l

i

-

. _ _ _ _
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'

r
i

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

3
,

,
-

k

I~ 12. (XNICLUDING REMARES

; The development of COMM1X began in 1976, with emphasis on the analysis of
; fuel assemblies, specifically, under natural-circulation conditions.' However,
j as the development progressed, and the structure of COMMIX started to evolve,

it became apparent that COMMIX could be made a user-oriented general purpose
code with a wide range of capabilities and applicabilities.

|

The ~ development of COMMIX then became a continuously evolving dynamic
. process. New modifications and improvements were implemented continuously in)
- response to

;

new physical models and solution procedures,- -

' feedback from users, and-

4

a desire to streamline the code, make it more user-oriented.-

and increase its generalities and capabilities. i.

.|

| The first version of COMMIX, named COMMIX-1, was released in March 1978. |
Development then continued, with many more features being added, such as ther-

,

; mal and force structure models, cylindrical geometry option, and rebalancing. !

In December 1983, the advanced version of the code, COMMIX-1A, was released.'

Since then we have added three more features, and release it now as an'

I extended version called COMMIX-18.
.

'

Since the inception of COMMIX development, code verification has been
performed in parallel with the development. Extensive simulations have been

; performed.to check and verify every step of development. It is generally felt
that COMMIX is a very well tested computer code. However, because COMMIX is !,

; so large and general purpose, some bugs might have been overlooked. We '

t certainly welcome feedback f rom any user who may come across a bug or have
j other suggestions.

| Within the constraints of available time and manpower, we have made every |
effort to make COMMIX a user-oriented computer code. But, there still are

;

j many more improvements that could be implemented to make it even more "ser- |
t oriented. The following are examples
,

e Implement more error detections and diagnostics to provide
i information that will guide a user through abnormal
i terminations. ,

!

e Develop a sof tware package for computing all geometry-related
j information (e .g., mesh size, volume and directional surface *

} porosity, and surface area) and generating input for COMMIX. .

I i

i e Develop an interactive input processor for auxiliary input ;

| information, e .g . , boundary conditions, thermal and force ,

j structures,

i
!

|

!

.-__-
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e Develop an outprocessor connecting COMMlX output to plot
processors for generating vector and isotherm plots.

If time and program funds permit, efforts will be made in these
directions.

The development of CO' NIX has been a very long and arduous task. It has
taken nine years and the effort of a large group to bring it to the COMMIX-1B
level. Seeing the code at the COMMlX-1B level of completion and releasing it
through USNRC brings us a strong feeling of fulfillment. Furthermore, its

acceptance as a viable tool by many organizations (more than 100 in the U.S.
and abroad) is even more gratifying.

We hope that C0KMIX will remain a vaiable analytical tool for a long
time, and that increasing numbers of organizations will use it and take
advantage of its capabilities and generality.

,

.

L
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** **
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** ** i
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**************************'*********

+.........+
'

| Preface | .

'+.........+
,

'By making something absolutely clear,
you will confuse somebody.'

Murphy

'There is no such thing as instant experience.'
Oppenheimer's Law

+......................+
I | Preface to COMMIX-1B |

+......................+

The starting point for COMMIX-1B was the most advanced version
of COMMIX-1A (version 12.6). Several co.metic changes were
made, some restrictions on the input order and form were

; relaxed, and two new models were added. COMMIX-1B should
'

therefore, have all the capabilities of COMMIX 1A plus the |
ability to handle turbulent flow and to deal with numerical
diffusion. Thn experienced COMMIX-1A user should have no

I
difficulties adjusting to the changes. All users, both new
and experienced, would be well advised to follow this document I

carefully when setting up their first few simulation.
' In addition, users are encouraged to check the summaries printed

out near the beginning of each run whenever input values are
changed.

Although the futura development of the COMMIX code is uncertain |
we would like to encourage user fandback. If you find obvious
coding errors or modeling weaknesses or if you have requests or ;

suggestions for features that you feel might help other user +. |
please communicate them to us. We will include those which
we feel are appropriate in future versions which may evolve.

,

,
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+..................+
-

| General Comments |
+..................+

t o ;

) The units used in COMMIX-1B are meter, kilogram, second, and
degrees Celsius. These and other derived units are indicated'

iafter the description of variables requiring them.

Default values are indicated either by an asterisk or a value,

in parentheses after the variable description. 1,

Arrays are indicated by the use of a subscript following the
variable name. The rangen of the subscripts are indicated I

'

in the following table. An asterisk in the ' Current Limit'
column indicates that storage is allocated at execution time
according to the value in the ' Range' column.

I Index Range Currer.t Limit
I IMAX 99
IND IMAX*JMAX IND=I*(J-1)91 MAX 100
J JMAX 99

j K KMAX 99
| N NSURF 99

NH NHEATC 10
NM NHATER 10 I

| NP 50 (
NR NREBRT 50

| NF NFORCE *

| NC NCORR 20
i

J +..................+

| | Some Terminology |
< +..................+

) The computational area is partitioned into a number of f
i computational cella, nach bounded by consecutive X, Y, and 2

direction grid planes. Surfaces (portions of a plana ori

| cylinder) may be defined both on the exterior, bounding the
computational area, and in the interior. The intersection of a '

surface and consecutive grid planes outlinas a surface element.>

! Surfaces which coincide with a grid plano are called regular
! surfaces, otherwise, they are called irregular surfaces. A '

,
regular cell is one with a!! faces coinciding with grid planns. ;

; Irregular calls have one irregular surface alement.
,

!
I

{ *

,

|
4

I

!' [

!

|

|
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+.........................+
| General Input Structure |
+.........................+

Input for COMMIX-1B can be described in one of two ways:
1. Box Geometry: IGE 0M=0 or IGE 0M=-1
2. Hex Geometry: IGE 0M>0

The box geometry option allows the user to describe the
geometry in terms of the cells formed by the X, Y, and Z
grid planes. In this case a typical input structure is as
follows:

Problem Description Cards (Optional)
NAMELIST / GEOM /
Boundary Surface Identification Cards (Optional)
NAMELIST / DATA / .

'

NAMELIST /INPUTQ/ (Optional)
Rebalancing Region Cards (Optional)
Force Structure Specification Cards (Optional)
Thermal Structure Prototype Cards (Optional)

| Thermal Structure Location Cards (Optional)
Boundary Value Initialization Cards
Internal Cell Initialization Cards

i

The hex geometry option is used when analyzing hexagonal fuel ['
assemblies only. Several conventions must be noted.

1. Axial length is along the Z-direction and one hex flat
lies on the X-axis.

2. IMAX, JMAX, DX(!), and DY(J) are automatically determined
by quarter pin and full pin partitioning.

3. Surfaces have the following locations:
'Surface Surface

Number location
1 Lower left diagonal in X Y plane
2 Upper inft diagonal in X Y plane;

i 3 Lower right diagonal in X Y plane
4 Upper right diagonal in X-Y plane
5 Lower flat along X axis
6 Upper flat
7 Entrance plane (Z=0.0)

i 8 Exit plana
'

A typical input structure for this case is as follows:

Problem Description Cards (Optional)
NAMELIST / GEOM /
NAMELIST / DATA /|

NAMELIST /INPUTQ/
Rebalancing Region Cards (Optional)
Force Structure Specification Cards (Optional)
Thermal Structure Prototypo Cards (Optional)

,

Thermal Structure I,ocation Cards (Optional)'

Boundary Value Initialization Cards
Internal Ce!! Initialization Cards

- _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - . -
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+....................+

| Reserved Key Words |
+....................+

Columns 1-4 of each line of input is compared with the list of
key words below. When a match is found the line is reread in
the appropriate format. If no match is found the card is
ignored or, in effect, treated as a comment card.

REG IREG REBM REBX REBY REBZ.

XFOR YFOR ZFOR &T &F 6M
OtJT IN HLB PB QBN RLB
TLS VELB AL ALX ALY ALZ
HL P QSOU TL UL VL

i WL

i

*****************************

* PROBLEM DESCRIPTION CARDS *
*****************************

Any number of cards with user comments can precede NAMELISTs
or be interspersed between non-NAMELIST input as long as
columns 1-4 do not contain any of the above key words.

1
,

>

1

3

|

|

.
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| |
] ******************* |
'

* NAMELIST /GE0M/ *
*******************

! illlttntitttt#ttiJ#ttdO0fttl#tt0fttl#dtlttuttortittlutt000ttopoldttuttflott#$lita untw n!#tltittil#tltl#d i

i ##tl#00ttoli4tt0tttflitlittl#tltl#tl#titittlittullulotlutil1000d(1000tI#0tltl#i/U L ' 0 Ht111000HH01919011 '

i ####tt00tl4tt#ttlitl# uttt'Ollittltidtt00pitti

h fl####dilttutI#000th IMPORTANT ff Vrttt00ntl#ti90000ft |

| 12011t19tt011110t2001111 fluttttrontltitetstell#00

} 011 p O tt 00 tt llit tl # tt li tt # 1100000 t191100011 t!!I # 0 t* d tI O 00000 (I # # # # p it 00 tt 00000000191111190 # 11000

| 00 ft 0 tt it #191916 O tt tt tt t! 04112 t2 t/18 t6 tl ti ti tt tt tt to ti e rt ti tt ts II H to ti n g 00 H ty re il 00 t) n u ll 19 to tt 00 # 999 tt tt II It to ri p p H

#tt0ttll tillyOtt |

(It!#ttti The following variables are used to allocate space. (1##Il#4

fl##tst) It is important that they are specified correctly. ##tl##
##tt## The variables preceded by an asterisk can be #ts###

! (A#ttttti approximated by a value larger than actually needed. ##ttfl0
! tl#### The minimum values are printed after they are computed. #tJt!Il# |
! #titl## Any of these variables that remain unchanged for a lits #titt f

###tl# subsequent restart run need not be respecified since 18##0# I

##### they are read from the restart file. ##1//lu L

#n##th #####
.

##It#Il *NM1 *NL1 NFORCE IMAX JMAX II#### f
;

} ##### KMAX IVIRE ITURKE *lFREB ISTRUC (I###tt |

tirentin IGEOM 190000 i

00000 titIII## |

0001119 t2 tt 001i1600 u 00 t104I 0001s tt u tt u ts ti o o n o n ta tt it p la tt tt tt 09 ts ti tt 000 tt u tt 00 tt # p tt ti vi tt n e tt 0414919 # j
] p tlet a tititlu tt u n # p oli tt elo te tt tln tp o p o rt ra rIn d a tt n o o tlta tt tt tt t10 tltt u tIIIH U O 4 titIIIn u n n n u n tit)(190 t1# 9

,

I

IGEOM 0. . Regular box geometry option. (*) i
,

{
-1.. Cylindrical geometry option using box geometry input. [

- Note 1. A surface must be dedicated to R=0.0 when the |
I origin is present. Set KFLOW(N)=+3 and !
I KTEMP(N)=400 for that surface. !
| Note 2. For full 2.0*PI radian geometries J=1 and '

J=JMAX are automatically linked thus no j
surfaces need be defined at Y=0.0 and Y=2.0*PI. >

>0..llex geometry option. Set IGEOM to the number of pitis I

in the hexagonal fuel assembly. The following values
are acceptable: 7,19,37,61,91,127,169,217,271. |,

NL1 Total number of surface elements. (0) ||
i NM1 Total number of computational cells. (0) |

| Note. Both NL1 and NMI can be approximated by values
larger then actually required. llowever, if this is

j done they tr.ust not be included in NAMELIST / GEOM /
i when restarting (ISTATE20). Storage will be ,

} allocated according to the values specified in the

j input rather than the minimum storage needed. The (
j minimum values are printed when computed. If one |

desires to change NM1 and/or NL1, it must be dans !
'

only at the start of s steady state run (ISTATE=0).

:

l

l

!

!
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j +....................+
| Rebalancing Option |'

+....................+

IFREB 0..No user-specified-region rebalancing. (*)
>0..Rebalancing is performed over user defined rebalancing

regions and rebalancing surfaces. The value of IFREB
| is used to allocate storage for pointers and must be

at least as large as the total number of cells in the.

rebalancing regions plus the total number of cells used

f should be adequate space for most cases. The exact
to specify rebalancing surfaces. A value of 2 * NMI

t value needed will be printed in the Rebalancing
Summary. The input defining the rebalancing regions

1 i.e., the Rebalancing Option section of NAME!.!ST / DATA /
and the REBALANCING REGION CARDS must be included at
the start of a steady state run (ISTATE=0) when i
IFREB > 0. These two sections can be completely
redefined at the beginning of a transtant run,

(ISTATE=2) by meting NEWREB=1 in NAMELIST / DATA /.4

! Note. In addition to rebalancing over user specified ;
i regions, plane by plane rebalancing is available

|j and controlled by the variables IXREB, !YREB, and "

IZREB in the Rebalancing Option section of NAMELIST
/ DATA /.

i
'

+................+ '

| Restart Option | There are two ways to force the code
+ ------ ------+ to write a restart file. The first 'j

! is to allow the job to " max time".
This is done by specifying large valben for NTMAX and T! MAX.

! The amount of time remaining for the job is checked at the end
'

of each iteration using the Argonne system routine TLEFT.
(See the apper.iix section entit ed MACllING DEPENDENT ROUTINES.)l

'

If the amount of time remaining is greater than TREST, an input
parameter in NAMELIST / DATA /, another iteration is performed.

j if not, a restart file in written.
1

The second way to obtain a restart file is to set NTMAX or
TIMAX to a time step or time which will be reached before the ;

i
CPU job time expires. A restart file will be written at this

| time step or time. After a restart file is written,
,

execution terminates. '
,

,

I When restarting from a previous run make sure that ISTATE in
: set to the appropriate value. Also, it is advisable to delete ;
i all input for variables that one does not intend to change. ;
; In some cases variables will be reset back to their initial l

] values if the input specification remains in the input stream. I
' In short, the minimum input necessary is the correct input o

| for restart cases.
,

,

i

!

!

_
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| IFRES 0..New case with no restart written. (*)
'1..New case with restart written to Tape 10.

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

!; 3.. Restart of previous run read f rom Tape 9 with
restart written to Tape 10.

; iTURKE in this version of COMMIX-1B four turbulence models are
I

j included. For all of the details of input requirements for
' these options see the Turbulence Models in NAMELIST / DATA /.

0.. Constant turbulent viscosity model (*).,

I 10..Zero equation turbulence model.
'

11..One equation turbulence model.,

12..Two-equation turbulence model.
LMPRNT 0.. Cell number and surface number arrays are not printed,

4

j (*) Specifying LMPRNT=1 or LMPRNT=2 causes excessive
j geometry debugging information to be printed and !

: execution to terminate. This information is of little
use to the casual user and is not recommended. |

,

1. . Cell number array is pr'nted. Use IJtPRNT=0.
.

1 2.. Cell number and surface number arrays are printed. !

| Use 121PRNT=0. ,

j NFORCE Number of force structures. (0) The input defining the |

! force structures, i.e., the Force Structure section of !
NAMELIST / DATA / and the FORCE STRUCWRE SPECIFICATION I'

l
| CARDS, must be included at the start of a steady state

run (ISTATE=0) when NFORCE > 0. These two sectfor.s can !
'

| be completely redefined at the beginning of a transient
; run (ISTATE=2) by setting NEWFOR=1 in NAMELIST / DATA /.

ISTRUC 0..No thermal structures are used. (*) Do not include,

! THER A STRUCTURE PROTOTYPE CARDS or |
THERMAL STRUCTURE LOCATION CARDS in the input.

i 1..The input defining the thermal structures, i.e.,
'

THERMAL STRUCTURE PROTOTYPE CARDS and

,
and THERMAL STRUCWRE LOCATION CARDS must be included

{ at the start of a steady-state run (ISTATE=0) when
j ISTRUC=1. These two sections can be completely '

| redefined at the beginning of a transient (ISTATE=2)

i by setting NEbTS=1 in NAMELIST / DATA /. '

'
ISTBUG 0 The storage layout table is not printed. (*)

1 The storage layout table is printed.i

IBSBUG 0 The BOUNDARY SURFACE SUMMARY is not printed. (*)
1 The BOUNDARY SURFACE SUMMARY la printed af ter which

! execution continues. For a description of the ,

! BOUNDARY SURFACE SUMMARY see the section entitled
| FINDING HOLES IN THE BOUNDARY in the appendix.
) 2- The BOUNDARY SURFACE SUMMARY is printed after which
; execution terminates.

I

! >

! i

| >
i \
i
'

r
,
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+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +
| For 1GE0M=0 or IGE 0M=-1 the following variables |
| must be included in NAMELIST / GEOM / |
+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +

IMAX The maximum number of cells in the X-direction (R). (1)
JMAX The maximum number of cells in the Y-direction (THETA).

(1)
KMAX The maximum number of cells in the Z-direction. (1)
NSURF The number of unique surfaces enclosing the calculational

area. Unique surfaces are determined by a unique
combination of the following three characteristics:

1. Velocity Boundarr Condition
2. Temperature Boi".dary Condition
3. The unit neumal vector to the surface.

DX(1) The calculational . ell sizes along the X-axis, m.
DY(J) The calculational cell sizes along the Y-axis, a or rad.
DZ(K) The calculational cell sizes along the Z-axis, m.

The unit normal vectors referred to by the following three !variables are those pointing into the calculational area.
XNORML(N) The X-component of the unit normal vector to surf ace N.
YNORML(N) The Y component of the unit normal vector to surface N.
ZNORML(N) The Z-component of the unit normal vector to surf ace N.

i

!

i

,

,

!
,

P
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+.....................................+
| For IGEOM>0 the following variables |
| must be included in NAMELIST /GEON/ |
+.....................................+

IPART 0.. Quarter pin partitioning is used. (*)
1..Fu11 pin partitioning is used.

IVIRE 0..No wire wrap option used. (*)
1.. Smeared wire vrap option used. This option is

suggested for low Reynolds number cases. The total
wire wrap area and total wetted perimeter over an
axial cross section are distributed over the cross
section such that there are two mean hydraulic
diameters, one for colla not adjacent to a side wall
and one for cells adjacent to side walls. The effect
of wire wrap induced flow is ignored.

2.. Cell integrated wire wrap force option used.
This option requires input for CVIREX, CVIREY, and
CVIREZ in NAMELIST / DATA /.

KMAX The maximum number of cells in the 2-direction. (1)
CLAD 0D Fuel pin diameter, m.
DZ(K) The calculational cell sizes along the Z axis, m.

PITCH Distance between pin centers, m.
VALLCL Vall clearance or distance between pin wall and duct

wall, m.

WODIN Vire wrap outside diameter for all wire wraps except
those next to the duct wall, m.

WODOUT Wire wrap outside diameter of wire wraps next to the
duct wall, m.

CVIRE! Scale f actor for wire wrap force n.odel for cells not
adjacent to side wall.

CV!REO Scale factor for wire wrap force model for cells adjar.ent
to side walls.

ZATO Axial (Z) height where wire wrap is positioned along
the positive X axis relative to the rod center, m.

V! REP Vire wrap pitch, m. Positive WIREP indicates counter-
clockwise rotation when looking in the negative Z-
direction. Negative VIREP indicates clockwise rotation.
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' ***********************w***************** !

* BOUNDARY SURFACE IDENTIFICATION CARDS * This set of cards must I

a ***************************************** be preaent on1y at the
j start of steady state

i

runs (ISTATE=0) when IGEOM=0 or IGECM=-1.
1

f

! The purpose of this set of cards is to specify a set of
boundary surfaces which completely enclose the calculational
region and to define any other boundary surfaces inside the'

calculational 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 boun<lary r

surfaces with normals in opposite directions. A single sided
boundary surface is not allowed in the interior of the
calculational region. Also be sure that all surfaces specified
bound calculational cells. Each boundary surface is defined by
specifying one or more BOUNDARY SURFACE IDENTIFICATION CARDS,
each of which contains the following variables in !
FORMAT (A4,F10.3,714): ;.

i

NAME AREA IB IE JB JE KB KE N
'

r

NAME REG ..The surface is a regular surface.<

Regular surfaces lie on grid planes. '

) 1 REG..The surface is an irregular surface.
, Irregular surfaces do not lie on grid planes. ;
! AREA <0.0..The area of each surface element is set to its actual ;
' geometrical value, either DX*DY, DY*DZ or DX*DZ, l

. whichever is appropriate.
| >0.0..The area of each surface element is assigned a value
t of AREA. !

IB,IE These six variables are the beginning and ending I ,
JB,JE J , and K indices that define a rectangular solid

: KB,KE composed of one or more cells. The rectangular solid
a that defines or partially defines a surface in the one :

! adjacent to and on the side pointed to by the surface t

normal. (Keep in mind that the surface normals XNORML,
! YNORML, and ZNORML always point into the calculational '

f region.) The intersection of each cell and the surf ace
defines a surface element. r

N The surface number. All surfaces with the same ;

{ combination of the following three characteristics
[

j can be assigned the same surface numbers i

1. Velocity boundary condition. {2. Temperature boundary condition.
[

3. Unit normal vector to the surface. I

l |

|
,

- I
1
4

,

i
| l

:

f

.
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Note 1. It is possible for two surface elements to lie
in the same surface and have either the same or

| different surface numbers as well as for two
| surface elements to lie in different surfaces
I and have the same or different surface numbers.

Note 2. The order of the BOUNDARY SURFACE |

IDENTIFICATION CARDS cust be as follows:
1. All IREG cards (irregular surfaces) must

| precede all RE", cards (regular surfaces).
( 2. The surface numbers, N of all IREG cards

i and REG cards must be in the order of .

| increasing value. I
Note 3. When using cylindrical geometry (IGE 0M=-1),' 1

a surface must be specified at the origin i

whan calculational cells are bounded by the

! origin. When an annular region is being
I modeled, a surface should not be defined at
j the origin but rather at the boundary of the
l first (counting from the center) calculational |

| cell. Set KFLOV(N)=-3 and KTEMP(N)=400 for
| surfaces defined at the origin.

Note 4. When using cylindrical geometry (IGE 0M=-1),
with 2.0*PI radian geometries, J=1 and J=JMAX

| are automatically linked, thus, no surfaces
! need be defined at Y=0.0 and Ya2.0*PI.
'

Note 5. The scheme to indicate surfaces in the BOUNDARY
SURFACE IDENTIFICATION CARDS in the same as
that used to indicate surfaces in the BOUNDARY
VALUE INITIALIZATION CARDS. This, however, is

'different from the scheme used to indicate
surf aces in the INTERNAL CELL INITIALIZATION
CARDS. In the former case, surface elements
are indicated by the cell which is adjacent to
and on the side pointed to by the surface
normal. In the latter case, cell (1 J.K)
indicates the surface between cell (1,J.K) and
either cell (!+1,J K), cell (1 J+1,K), or cell
(1.J.K+1), whichever is appropriate for the
variable being initialized. Surfaces lying on
boundaries must not be initialized using the

| !NTERNAL CELL INITIALIZATION CARDS but rather
' the BOUNDARY VALUE INITI A!.!ZATION CAkDS.
| |

|
r

1

,

I
_ _ _ _ . . . ._- -. . . _ . _ . , - - _ - - - _ _ - _ - . . - . . . , _ . _ _ _ , _ - - - _ , - - - _ - - --
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******;;;;;;;******

* NAMELIST / DATA / *
*******************

ALPHA 0.0.. Semi-implicit time advancement for both momentum and
energy equations.

1.0.. Fully-implicit time advancement for both momentum and
energy equations. (*)

IBOIL 0..Do not check for boiling. (*)
1.. Check for boiling each timestep. If boiling occurs

execution terminates.
IDTIME 0..The time step size is taken from the user specified

variable DT.
1..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. (*)

IFENER 0..No energy calculation,
l.. Energy calculation is performed. (*)
2.. Energy calculation .s performed with porosity adjusted

conduction length. This option is usually used when
analyzing hexagonal fuel assemblies (! GEOM)0).

IFPROP 0.. Fluid properties are computed using rigorous equation-
of-state subroutines. Packages for both modium and
water are included with the source. Only the desired
package should be included when creating the load
module since the same function names are used in both
packages. Other property packages can be easily
installed by the user. (*)

1.. Fluid properties are computed using faster running
simplified straight-line approximations to the state
equations. This option requires additional input
described under the Simplified Properties Option.

IFR0D 0..No fuel rods are included. (*)
1.. Fuel rods are included but no default initialization

is done. NAMELIST /INPUTQ/ is required in input.
2.. Fuel rods are included and a default initialization

is done. This initialization sets pressure,
temperature, density, enthalpy, and the Z component
of velocity from a solution of the coupled mass,
moment and energy equations assuming no transverse
velocities. NAMELIST /INPUTQ/ is required in input.

ITIBUG 1.. Iteration information printed after each time step.
0..No iteration debugging information printed. (*)

__ _ _ _ _ _ _
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The two variables below give the user some control over the
ifrequency that the momentum and energy calculations are

performed. The need for this control might arise in cases |
when one of the two fields (velocity or energy) varies slowly
compared to the other. The intent is to be able to perform one
of the calculations (momentum or energy) svery time step while
performing the other only occasionally resulting in a savings of
CPU time. Before the user activates these variables it is
highly recommended that s/he understand the full implications of
this approximation. The following combinations are allowed: |

'

ISETM0=1 and ISETEN=N where N is any nonzero integer. -

ISETM0=N and ISETEN=1 where N is any nonzero integer.
ISETM0=M and ISETEN=N where one of the following

,

conditions is satisfied: (1) M < 0 and N divides M or,

I (2) N < 0 and M divides N.
ISETEN N..When N is less than zero the energy calculation is

turned off ever -Nth timestep. !
4

N..When N is greater than zero the energy calculation is |.

turned on only every Nth timestep. (1) i

ISETMO N..When N is less than zero the momentum calculation is ;
,

turned off every -Nth timestep. !
'

N..When N is greater than zero the momentum calculation is !
!- turned on only every Nth timestep. (1)

ISTATE 0.. Start of steady-state run. Geometry, boundary !

conditions, and initial conditions are specified from

j the input stream. Other parameters take default values
or zero. (*)

1.. Continuation of a steady-state run. Initial conditions
i are read from the restart tape of a previous run in
' which steady-state has not yet been achieved. Some
i parameters may be changed in the input stream.
; 2..Beginning of a transient run. Initial conditions
' are read from the restart tape of a p.evious run. It
I i= desirable that this previous run has achieved

..eady-state although not necessary. Some parameters .,

i may be changed in the input stream.
3.. Continuation of a transient run. Initial conditions

g are read from the restart tape of a previous beginning-
of-transient run or continuation-of-transient run.

' Limited changes may be made in the input stream.
The def aults for the following three values is I when |

i

ISTATE=0 and 0 when ISTATE=2. In other cases these variables
'

are ignored.
NEWTS 0 No new thermal structure input is read.

1--New thermal structure information is read if ISTRUC=1
and ISTATE=0 or ISTATE=2. i

| NEWREB 0- No new rebalancing information is read.
; l- New rebalancing information is read if IFREH>o and

ISTATE=0 or ISTATE=2.
NEWTOR 0 No new force structure information is read.

1 New force structure information is retd if NFORCE>0 1

! and ISTATE=0 or ISTATE=2. i

| !

i >
i

!

I

|

,

--.-_--,g-.-_,., -- , , , , . . _ - , - - _ . , , , - - - .. _n n-._ n.,,._,____.
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+.......................................+
| Time and Time Step Related Parameters |
+.......................................+

TSTART Initial time, s. (0.0) This value should be reset to zero
at the beginning of a transient run, ISTATE=2.

IDTIME 0..The time step size is taken from the user specified
variable DT.

1..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. (*)

DT(1) Time step size for time steps 1 through LASTDT, s. (0.1)
This value is used only if IDTIME=0.

DT(2) Time step size for time steps after LASTDT, s. (0.1)
This value is used only if IDTIME=0.

LASTDT 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). Af ter step number LASTDT, the time step size is
taken from DT(2). (99999) This value is used only if
IDTIME=0.

RDTIME The time step size is computed internally as the product
of the largest allowable time increment given the
conditions and the variable, RDT!ME. (0.8) This value
is used only if IDTIME=1.

NTHCON Up to ten values to specify the tima step numbers to
call SUBROUTINE GDCONV to calculate convergence criteria
and the allowable tien step size. The following are
acceptable values of NTHCON:
0..No further calls to CDCONV.

>0. . Time step number for which CDCONV is called. After
the Nth positive time step number in NTHCON has been
processed, the N+1th value of NTHCON is used to
determine subsequent calls to CDCONV.

<0..A value of -N indicates that GDCONY is to be called
every Nth time step. No subsequent values of NTHCON ;

are considered. (*l) I
'

See NTPRYT and NTPLOT for examples.
NTMAX The maximum time step number for this run. Normal ,

termination occurs after complation of this time step. |
(99999) |

TIMAX The maximum time of this run. Normal termination occurs
,after this time has been rasched, s. (3.6E&7) T! MAX i

refers to the simulation or problem tien and not tha
computer CPU time needed to run the problem.

,

|
TREST The amount of time remaining for the job is checked |

at the end of nach iteration. If the amount of tima j
remaining is greater than TREST another iteration is :

performed. If not, the restart file in written. (
When running long jobs or jobs requiring savaral seconds :

per iteration, onn might wish to choosn a larger more '

conservative value of TREST, s. (20.0) |

This implementation dapands on the Argonna system routina |
TLETT which returns the tien left until thn total job ;

time as specifind on the JOB card has elapsad. t

t

|

_ _ _ _ _ _ - . _ _ _ _ _ _
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+..............................+

| Iteration Control Parameters | The general definitions
+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + and default values of

control parameters are
given in this section. For a diagram showing the loop to which
each variable relates, see the CONTROL PARAMETERS AT A GLANCE
section in the appendix.

IT(1) Number of iterations for time steps 1 through IASTIT. (1)
IT(2) Number of iterations for time steps after LASTIT. (1)

During a transient (ISTATE=2 or ISTATE=3) the number of
iterations within a timestep should be increased to insure
that the solution is converged within each timestep. This
can be verified by assuring that the number of iterations,
printed under the heading "IT" in the time step summary,
is less than the input value of IT. Before increasing IT
beyond 100, however, the user is encouraged to examine
the input and results for possible improvements. The
iteration summary within each timestep is printed when
ITIBUG=1.

LASTIT This variable in 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
through LAST1T is taken from IT(1). After step number
LASTIT, the number of iterations is taken from IT(2).
(99999)

ITMAXP Number of iterations in the pressure iteration loop. (99)
ITMAXE Number of iterations in the energy iteration loop. (99)
OHEGAV Under-relaxation factor for the momentum equation

coefficients. (0.8)
OMEGAE Under-relaxation f actor for the energy equation

coefficients. (0.8)
OMEGA Relaxation factor for pressure solution. (1.5)
RELAXE Relaxation f actor for energy solution. (0.95)
EPS1 Convergence criterion parameter. (1.0E 4)
EPS3 Convergence criterion parameter. (5.0E-5)
EPSS Convergence criterion parameter. (1.0E 5)

:

. _ . _ _ _ - , - . _ . . _ _ _ _ . - . . _ , . . - _ . _ - _ _ _ _ _ _ . . _ _ _ _ - . _ _ ___
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'

| Boundary Condition Types | All external surfaces must have+..........................+ a velocity boundary condition
type and a temperature | heat

' flux boundary condition type. Internal surfaces may~also be
; assigned boundary condition types..,

| KFLOW(N) Type of . velocity boundary condition. (The default for all
'

NSURF surfaces is 1)s '

-S..Continuative mass flow outlet.
-4. . Uniform velocity outlet.
-3.. Free sl:p boundary.
-2..Continuative velocity outlet.!

; -1..Continuative momentum outlet.
1.. Constant velocity boundary with normal velocity set

; from VELOC(N) or explicitly specified by the BOUNDARY,

VALUE INITIALIZATION CARDS. The tangential component
'

is-in effect zero. 'The presence of a solid wall
(no slip boundary) must be indicated by using this
type of boundary condition (KFLOW(N)=1) with the
constant velocity set to 0.0. (*)

100+NF.. Uniform transient velocity boundary with normal'

velocity set from the product of the NFth transient
function and VELOC(N).

KTEMP(N) Type of temperatureiheat flux boundary condition. -

(The default for all NSURF surfaces is 1) s

1..Specified constant temperature boundary with
temperature set from TEMP (N) or the BOUNDARY VALUE
INITIALIZATION CARDS. (*) The surface heat flux is

' nominally computed considering the fluid conduction
ri but not the presence of a wall. If one wishes to

: ' account for both the fluid convection and a wall
conduction, the following four variables from the
Wall Model section below must be specified:
IlflVAL(N), HYDWAL(N), WALLDX(N), and MA'lVAL(N).

100+NF.. Uniform transient temperature boundary with temperature
set from the product of the NFth transient function and

*

TEMP (N). Tho surface heat flux is computed with the
; options as specified above for KTEMP(N)=1. l

200 ..Specified constant hest flux boundary with normal heat
flux set from TEMP (N) or the BOUNDARY VALUE
INITIALIZATION CARDS.

1 300+NF.. Uniform transient heat flux boundary with normal heat
flux set from the product of the NFth transient

i function and TEMP (N). t

400 .. Adiabatic or zero diffusive heat flux boundary.
500+NF.. Duct wall temperature boundary. This boundary ,

. condition type accounts for fluid convection,
'

thermal capacity of the wall, and the heat transfer
i to the surrounding atmosphere or medium. The variables

in the Wall Model section below must be specified. *

The transient fuction defined by NF is a multiplier ;

of the volumetric heat source in the wall. If a
constant volumetric heat source is desired, simply
specify a value of 500 for KTEMP(N).

,

.---r , . . - . - - - - - . _ . - - - , . _ . , , , , , , - , , , , . ,, , , , - - - _ , , , _ , , - . - - , , - . , - . - _ - , . _ - , , --
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KPRES(N) Type of pressure boundary condition. Pressure boundary
conditions are applied to the cells adjacent and interior
to the boundary surface specified. (The default for all
NSURF surfaces is 0)
0..No pressure boundary condition is applied. (*)
1.. Uniform constant pressure boundary with pressure set

from PRES (N).
100+NF.. Uniform transient pressure boundary with pressure set

from the product of the NFth transient function and

PRES (N).

i

I
,

, _ . . , . . . - _ _ . . _ _ _ _, - . . - . . , , _ _ - -- . _ . _
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+..................................+
l Boundary and Cell Initialization |
+..................................+

The following three variables allow easy specification of
uniform velocity, temperature | heat flux, and pressure values at
boundaries at the beginning of a run (ISTATE=0). To change
surface values of' velocity, temperature, or pressure on
subsequent restarts (ISTATE=1, 2, or 3) the BOUNDARY VALUE
INITIALIZATION CARDS must be used. Nonuniform distributions
can also be specified by using the BOUNDARY VALUE INITIALIZATION
CARDS.

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. (0.0)

PRES (N) Initial pressure for surface N, Pa. (0,0)
TEMPO Initial temperature of all internal cells, C. (0.0)
PRESO Initial pressure at the pressure reference point located,

at (XPRESO,YPRES0,ZPRES0), Pa. (1.01353E+5)
The inital static head pressure at any point is computed
with respect to the pressure reference point.

XPRESO X-coordinate of the pressure reference point, m. (0.0)
YPRES0 Y-coordinate of the pressure reference point, m. (0.0)
ZPRESO Z-coordinate of the pressure reference point, m. (0.0)
CRAVX X-component of gravity vector, m/s**2. (0.0)
GRAVY Y-component of gravity vector, m/s**2. (0.0)
GRAVZ Z-component of gravity vector, m/s**2. (0.0)

!

,

e
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+............+

| Wall Model | The variables in this section are used
+------------+ when specifying temperature boundary

,

condition type 1, 100+NF,'or 500+NF. |
t

WALLDX(N) Wall thickness, m. (1.0) *

MATWAL(N) Material type for surface N. The value of this variable
is used as the index NM in the Material Properties

(Solids) section below. (1)
IHTWAL(N) Heat-transfer correlation number for the calculation

of heat-transfer between coolant and wall. The value of
this variable is used as the index NH in the Fluid-
Structure Heat Transfer section below. (0)
Note. If the default value is taken, then the coolant

to wall heat-transfer coefficient, if used, is
evaluated simply as the fluid conductivity
divided by the fluid conduction length.

HYDWAL(N) Hydraulic diameter or characteristic length associated *

with surface N. (0)

The transient volumetric heat source is given by the
~

product the following three variables and the transient
function NF.

WALLQS(N) Average wall volumetric heat source, W/m**3. (0.0) '

QK(K) Normalized axial distribution. (1.0)
TSINK(N) Temperature of surrounding atmosphere or medium,

C. (0.0)
HSINK(N) Heat-transfer coefficient from wall to surrounding

,

atmosphere or medium, W/(m**2-C). (0.0)
DTWALL Time step size used for with temperature boundary I

condition type 500+NF. This time step size is used
only until steady-state is reached, s. (1.0E+40) ;

!

.

|
1
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+...............................+

| Fluid-Structure Heat Transfer | Heat transfer correlations
+...............................+ are defined by specifying

coefficients to compute
the Nusselt number. These coefficients and thus the heat
transfer correlations are indexed by the values of IHTWAL in the
Wall Model and IHTSTR in the THERMAL STRUCTURE PROTOTYPE CARDS.
The Nusselt number (NU) is computed from the following equation:

NU=HEATCl(NH)+HEATC2(NH)*RE**HEATC3(NH)
where RE is the Reynolds number.

NHEATC Number of heat transfer correlations. (1) This value
must be at least as large as the largest value of INTSTR
and IHTVAL.

HEATCl(NH)~ Nusselt number coefficient. Since the Nusselt number,
NU, must always be positivo HEATC1(NH) should be
positive to accomodate a zero flow situation. (5.0)

HEATC2(NH) Nusselt number coefficient. (4.02E-4)
HEATC3(NH) Nusselt number coefficient. (0.8)

The Nusselt number is used to specify the heat transfer
cofficient (h) in the following equation:

h=(k/D)*Nu
where k is conductivity and
D is the reference length.

h is in turn used to compute the Fluid-Structure heat transfer
(q) as follows:

q=A*h*(Ts-Tf)
where A is the area,
Ts is the temperature of the structure, and
Tf is the temperature of the fluid.

i

l

|

|

:
,

|

|
!

|
|
L
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+..............................+
| Material Properties (Solids) | The following equations
+..............................+ are used to define the

thermal conductivity,
specific heat, and density of materials other than the coolant.

CONDUCTIVITY =C0K (NM)+C1K (NM)*TC+C2K (NM)*TC**2 V/(m-C)
SPECIFIC HEAT =C0CP(NM)+C1CP(NM)*TC+C2CF(NM)*TC**2 J/(kg-C)
DENSITY =COR0(NM)+C1R0(NM)*TC+C2R0(NM)*TC**2 kg/m**3

where TC is the temperature in degrees Celsius and
NM is the number of the material region.

The coefficients listed below are indexed by values of

MAWAL from the Vall' Model section of NAMELIST / DATA / and MATERL
from com the THERMAL STRUCW RE PROTOTYPE CARDS.

NMATER Number of materials. (0) This value must be at least as
large as the largest value of MATWAL and MATERL.

C0K(h3) Conductivity coefficient. (0.0)

C1K(h3) Conductivity coefficient. (0.0)

C2K(NM) Conductivity coefficient. (0.0)

C0CP(53) Specific heat coefficient. (0.0)

C1CP(53) Specific heat coefficient. (0.0)

C2CP(NM) Specific heat coefficient. (0.0)

COR0(53) Density coefficient. (0.0)

C1R0(h3) Density coefficient. (0.0)

C2R0(h3) Density coefficient. (0.0)

~ .

_ - - - - . ,



.

95

25

+....................+

| Rebalancing Option |
+....................+

Large scale pressure distributions such as those which exist
in an initial static state or which occur during overall
velocity transients are most effectively addressed with the
mass rebalancing scheme. This rebalancing is effective in
reducing the number of iterations required to achieve mass
convergence. Rebalancing has been implemented in two different
modes which can be applied separately or in combination.
Plane-by-plane rebalancing in the X , Y , or Z-direction
can be applied simply by specifying the appropriate values
for IXREB, IYREB, and IZREB. Only one Plane-by plane
rebalancing option can be specified.

IXREB 0..No X-direction plane-by plane rebalancing. (*)
1.. Plane-by plane mass rebalancing in the X-direction

is performed.
IYREB 0..No Y-direction plane-by-plane rebalancing. (*)

1.. Plane-by-plane mass rebalancing in the Y-direction
is performed.

IZREB 0..No Z-direction plane-by-plane rebalancing. (*)
1.. Plane-by-plane mass rebalancing in the Z-direction

is performed.

User-defined-region rebalancing requires the user to define
rebalancing regions within the fluid domain. The regions must
be chosen such that region N has neighboring cells only
contained in regions N-1 and N+1. Mass leaving region N and
entering region N+1 does so through rebalancing surface N. Mass
leaving the last region goes into the remaining cells (these
must be at least one) which are not in any rebalancing region
und where no rebalancing is performed. Region 1 is required
to have neighboring cells only in region 2. One approach to
choosing rebalancing regions is to exclude all cells adjacent
to exits and then group the remaining cells into as many
rebalancing reglens as possible. Another guideline is to

put rebalancing surfaces between regions of grossly different
pressures. In each rebalancing region the pressure is adjusted
uniformly in such a way to force the net mass nonconservation
to vanish. If user-defined-region rebalancing is desired,
IFREB must be assigned en appropriate positive value in
NAMELIST / GEOM / and REBALANCING REGION CARDS must be supplied.i

Additionally, the following group of variables must be defined.

'
i

*
s

i

;

5
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NREBRT' Number of user-defined rebalancing regions. (0)

NREBM(NR) Number of cells in rebalancing region NR. (0)
Rebalancing regions are generally chosen in such a way
that all the cells in a given region have nearly equal
pressure. Also, one cell may not be included in more than
one rebalancing region.

NREBX(NR) Number of internal X-surfaces between region NR and NR+1.
(0) Interfaces between rebalancing regions often
correspond to a physical structure which might cause a
large pressure change.

NREBY(NR) Number of internal Y-surfaces between region NR and NR+1.

(0)
NREBZ(NR) Number of internal Z-surfaces between region NR and NR+1.

(0)

The frequency at which rebalancing occurs is specified by the
following variable.

IREBIT Rebalancing is performed before every IREBITth iteration.
In order to improve convergence, the number of iterations
should be one less than a multiple of IREBIT.
That is, IT or ITMAXP=(N*IREBIT)-1. (50)
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+..............................+
| Simplified Properties Option | To be included if and
+.............................-+ only if IFPROP=1.

IFPROP 0.. Fluid properties are computed using rigorous equation-
of-state subroutines. Packages for both sodium and
water are included with the source. Only the desired
package should be included when creating the load
module since the same function names are used in both
packages. Other property packages can be casily
installed by the user. (*)

1.. Fluid properties are computed using faster running
simplified straight-line approximations to the state 1
equations. This option requires additional
specification as described below.

The following linear equations are used to approximate the
state equations where TC is the temperature in degrees C.

ENTHALPY = FC0H + FC1H * TC J/kg
DESSITY = FCORO + FC1R0 * TC kg/m**3
CONDUCTIVITY = FC0K + FC1K * TC W/(m-C)
VISCOSITY = FCOMU & FCIMU * TC Pa-s
TEMPERATURE = FCOT + FCIT *H C

The coefficients listed below must be user specified.
The coefficients FCOT and FCIT are computed from FC0H and FC1H.

FCOH Enthalpy coefficient. (0.0)
FC1H Enthalpy coefficient. (0.0)
FCORO Density coefficient. (0,0)
FCIRO Density coefficient. (0.0)
FC0K Conductivity coefficient. (0.0)
FC1K Conductivity coefficient. (0.0)
FCOMU Viscosity coefficient. (0.0)
FCIMU Viscosity coefficient. (0.0)

FCTLO To allow the user to spot check property values a small
FCTHI table is printed with five temperature values ranging

from FCTLO to FCTHI at a pressure PRESO. When the sodium
package is present, the default values of FCrLO an? FCTHI
are 300.0 and 700.0. When the water package is present,
the default values are 20.0 and 100.0, C.

;

.
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+.....................+ ;

| 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 coefficients 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 one hundred.

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 immediately follows
the last value of the first function. The same pattern
must be followed for all subsequent functions. Make sure
that the entire range of the function used lies within
the range input as the fitting routine does not
extrapolate. Discontinuities are indicated by specifying -
the same X-coordinate twice with the same or dif ferent
Y-coordinate values.

NEND(NF) The number of points in the NFth transient function

NTOTS In order to simplify thermal structure input in certain
cases, the heat source transient function numbers can be
overridden in NAMELIST / DATA /. These values are input
into the variable NTOTS in the order in which the thermal
structure prototypes were defined. 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.2

'

NOFQT Number of the transient function which is used as a
multiplier <A 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. (0)

!

,
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+..................+

| Plot Tape Option |
+..................+

NTPLOT Up to 25 values to specify when plotting information is
to be written to tape 76. The following are acceptable
values of NTPLOT:
0..No more plotting information is written to tape. (*)

>0. . Time step number' for which plotting information is
written to tape 76. After the Nth positive time step
in NTPLOT has been processed, the N+1th value of NTPLOT
is used to determine subsequent writes to the tape.

<0..A value -N indicates that information is written to
tape 76 every Nth time step. No subsequent values
of NTPLOT are considered.

Ex ample . NTPLOT=-5 indicates that every 5th step is to be
processed. STPLOT=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.

i

!

!

,

i

I

:
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+.................+
| Printing Option | Calls to-SUBROUTINE OUTPUT are
+.................+ controlled by the two variables

NTPRNT and TPRNT. They can be used
individually or together. The information prin".ed at each
call to SUBROUTINE OLTPUT is determined by the variables
ISTPR and NTHPR described below.

NTPRNT Up to 50 time step numbers at which SUBROUTINE OUTPUT
is to be called. The following are acceptable values

for NTPRNT:
0..No more calls to SUBROUTINE OUTPUT. When restarting,

previous specification of NTPRNT values may be
overridden by specifying the desired new values
followed by a zero in NTPRNT.

>0. . Time step number for which SUBROUTINE OUTPUT is to be
called. After the Nth positive time step in NTPRNT
has been processed the N+1th value of NTPRST is used
to determine subsequent calls to OUTPUT.

<0..A value -N indicates that SUBROUTINE OUTPUT is called
every Nth time step. No subsequent values of NTPRNT
are considered.

-9999.. SUBROUTINE OUTPUT is called just before the run is
terminated. (*)

Example. NTPRNT=0 indicates that after initialization.
SUBROUTINE ObTPb7 is never called. hTPRNT=5.10, -9999 indicates

i that SUBROUTINE OUIPUT is called at steps 5, 10, and just
before termination.

TPRNT Up to 50 times (problem time in seconds) at which
SUBROUTINE OUTPUT is to be called. The following are
acceptable values of TPRNT:

0.0..No more call to SUBROUTINE OUTPUT. (*)
When restarting, previous specification of
TPRh* values may be overridden by specifying
the desired new values followed by a zero
in TPRNT.

>0.0.. Times at or after which SUBROUTINE OUTPUT is to be
,

called. When or after the Nth positive time in TPRNT
has been processed, the N+1th value of TPRNT is used
to determine subsequent calls to OUTPUT.

<0.0..A value of -T indicates that SUBROUTINE OUTPUT is to
be called at T-second intervals. If the Nth value
is negative, then the N+1th value stores the next
time value at which OUIPUT is to be called. This is
nominally set to zero but can be specified by the
user. No subsequent values of TPRNT are considered.

Example. TPRNT=1.0,5.0,-10.0 indicates that OUTPUT is to
be called at or after times 1.0, 5.0, 10.0, 20.0, etc... .

TPRNT=-5.0,10.0 indicates that OUTPUT is to be called at
times 10.0,15.0,20.0,. . etc...

|

i
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ISTPR Up to fifty coded values which specify the arrays to be
printed in the first call to SUBROUTINE OUTPUT. (0)

NTHPR Up to fifty coded values which specify the arrays to be
printed in all calls after the first call to OUTPUT.

For internal arrays, each value of ISTPR and NTHPR is a signed
five digit integer of the form 'SVVPLL' which is coded according
to the following rules:

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

..All planes between the values of 'LL' on the current

and following values of ISTPR or NTHPR are printed..

VV 01..UL U-component of velocity.
02..VL V-component of velocity.
03..WL W-component of velocity.
04..HL Enthalpy.
05..TL Temperature.
06..AL Volume porosity.
07..RL Density.
08..P Static Pressure.
09..DL Residual mass.
10. . ALX X-direction surface permeability.
11..ALY Y-direction surface permeability.
12..ALZ Z-direction surface permeability.
13..DRDT d(RL)/d(TIME).
14.. TURK Turbulent kinetic energy.
15..QSOUR Volumetric heat source.
16..PSTATO Initial Static pressure.
17.. P-PSTATO
18..DDDPOT d(DL)/d(P).
19..DDDH d(DL)/d(HL).
20..TURCON Turbulent conductivity.
21..TURVIS Trubulent viscosity.
22..TKED Dissipation of turbulent kinetic energy.

P 1..An I plane is printed.
2..A J-plane is printed.
3..A K plane is printed.

LL Specific plane to be printed. If S is +, only one plane
is indicated. If S is , the 'LL' values in the current
and next values of ISTPR or NTHPR indicate the range of
planes to be printed.
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For thermal structure information, each value of ISTPR and'

NTHPR is a signed five digit integer of the form 'SBNNNN'
which is coded according to the following rules:

,

I

S ' +..Only structure number 'NNNN' is printed. (*)
: A plus sign is assumed and need not be specified.

..All structure between the values of 'NNNN' in the
current and following values of ISTPR and NTHPR are :

printed. ,

j NNNN Specific structure to be printed. If S is '+', only one [
i structure is indicated. If S is ' ', the 'NNNN' values

in the current and next values of ISTPR or NTHPR indicate
i the range of surfaces to be printed.

For surface arrays, each value of ISTPR and NTHPR is a signed
five digit integer of the form 'S9VVLL' which is coded
according to the following rules: I

S +..Only the surface number 'LL' is printed. (*)
| A plus sign is assumed and need not be specified.
! ..All surfaces between the values of 'LL' in the
j current and following values of ISTPR or NTHPR are

printed.
,

VV 01. . VE LBN Normal surface velocity.
,

02..QBN Normal surface heat flux. '

| 03..MB Adjacent internal cell number.
'

''

04.. HLB Surface enthalpy.
05..TLB Surface temperature.<

06.. AREA Surface element area.
07. . RLB Surface density, i

08..PB Surface pressure.
09..IJK Adjacent internal cell indices. Each value is

,

of the form 'IIJJKK' where II is the I index,;

JJ is the J index, and KK is the K index..

10.. Overall heat transfer coefficient from coolant
to wall as used in the transient duct wall

| model (KTEMP(LL)=500).
! LL Specific surface to be printed. If S is +, only one

surface is indicated. If S is , the 'LL' values in the
!

i current and next values of ISTPR or NTHPR indicate the
range of surfaces to be printed.

| Example. ISTPR=06105,-10301,-10305,
NTHPR=01105,-02301,-02305,90101,-90501,-90505,

indicates that the first call to OUTPUT will print the I=5
plane of volume porosity and K planes 1 through 5 of the
X-direction surface permeability. On all subsequent calls,
to OUTPUT, the I=5 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.

|

!
t
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+..................+

| Force Structures | The Force Structures parameters are
+..................+ required only when NFORCE of NAMELIST

/ GEOM / is greater than zero. The
locations of the Force Structures are specified in the FORCE
STRUCTURE SPECIFICATION CARDS.
The Force Structure is a mechanism whereby a force can be
applied to the fluid across a cell face between two
computational cells. For a convenient collection of

resistance correlations that are most commonly needed by
COMMIX users see reference number three.
Force correlations have been provided to model several specific
structures. These can be used by specifying the appropriate
correlation number in ICORR for each structure. Users may
define additional force correlations in SURBOUTINE FORCES.
Correlation numbers 50 through 99 are reserved for this purpose.
The force correlation library consists of the following:

ICORR(NF) 90..CRBR fuel assembly
91..CRBR blanket assembly
92..DRHX (Direct Reactor Heat Exchanger)
93..CRBR chimney assembly
94..FFTF pin bundles
95..CRBR control assembly

Alternatively, one may use a generic force correlation.
In this case, drag or resistance forces (Pa/m) of one of the
following forms are computed:

D PDX= - FORCEF ( NF ) * R L* A B S ( UL ) *U L* FCORR / C LENTH ( NF )

D PDY= - FORCE F ( NF ) *R L* AB S ( VL) *V L*FCOR R / C LENTH ( NF )
D PD Z = - FORCEF ( NF ) * RL* AB S (WL) *W L* FCORR/ C LENTH ( NF )

where FCORR=ACORRL(NC)*RE**BCORRL(NC)+CCORRL(NC)
when RE < REYTRN(NC), and

FCORR=ACORRT(NC)*RE**BCORRT(NC)+CCORRT(NC)
when RE >= REYTRN(NC), and

RE=RL*SQRT(UL**2+VL**2+WL**2)*REYLEN(NC)/VIS , and
RL is the local density,

) UL, VL, and VL are local velocities, and

| VIS is the local viscosity.

| FORCEF(NF) Force coefficient for force structure NT.
| REYLEN(NF) Length used to compute the Reyncids number for force
; structure N, m.

CLENTH(NF) >0.0. .The value input is used as the characteristic'

length in the above equation.'

,

<0.0..A characteristic length computed from either
| DX, DY, or DZ, whichever is appropriate, is
i used for CLENTH(NF) in the above equation.
| ICORR(NF) The correlation type of force structure NF. The values
i of ICORR must be less than 50 and are used as indices of
| the user specified correlation variables below.

|
:
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NCORR The number of correlation types available for force
structures. This value must equal or exceed the maximum
value specified in ICORR but be less than 50.

REYTRN(NC) The transition Reynolds number.

ACORRL(NC) Correlation coefficients when the Reynolds number above,'

BCORRL(NC) RE, is in the laminar regime,

CCORRL(NC) 1.e., when RE < REYTRN(NC).

ACORRT(NC) Correlation coefficients when the Reynolds number above,
BCORRT(NC) RE, is in the turbulent regime,

CCORRT(NC) 1.e., when RE >= REYTRN(NC).

I

,

i i

I

i
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+..............................+
| Reducing Numerical Diffusion |
+..............................+

When the direction of the flow is highly oblique to the grid_

lines, numerical diffusion may be significant. Several options
to reduce this numerical diffusion are currently under |
assessment. To date, these options are only programmed for
problems using a rectangular coordinate system. The default for
computing the convective flux terms of the energy equation is
the pure-upwind differencing scheme (IESKEW=0). If, however,
the user feels that reducing numerical diffusion is necessary
for a specific problem then the skew-upwind (IESKEW=1) or the
volume-weighted skew-upwind (IESKEW=2) differencing schemes
are available. The skew-upwind scheme may give overshoots and
undershoots in some circumstances. The volume-weighted skew-upwind
scheme attempts to remove these overshoot and undershoot
possibilities.

IESKEW The convective flux terms of the energy equation are
computed in the following ways:
0.. Pure-upwind. (*)
1.. Skew-upwind.
2.. Volume-weighted skew-upwind.
3.. Length-adjusted volume-weighted skew-upwind. The

maximum length of the surrounding cells are set to the
length of the center cell in the convective
coefficients of the energy equation.

ISKBAR 0. .The computaticn of t ae cell surface velocity components
is performed using only the two velocity components
in the upwind direction. (*)

I 1..The computation of the cell surface velocity components
is performed using the four surrounding velocity
components.

.

.

- - - - - - - - - - - - , , y
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+...............-.....+
| Turbulence Modeling |
+.....................+

In all of the following turbulence models an effective viscosity
is used in the diffusion term of the momentum equation. This
effective viscosity is the sum of the turbulent viscosity and the
the molecular viscosity. Similarly an effective thermal
conductivity is 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 Diffusivity Model |
+......................................+

The turbulent viscosity and turbulent conductivity are assumed
constant everywhere. If TURBV=0, both turbulent viscosity and
turbulent conductivity are zero. When a positive value is
specified for TURBV, the ther.,a1 conductivity can be
specified directly in TURBC or indirectly by specifying
values for CHART and CHARRE.

For this option the following input must be specified:

ITURKE 0.. Turbulent kinetic energy flag must be zero. (*)
The variable ITURKE must be input in NAMELIST /GE0M/.

CHARRE Characteristic Reynolds number. (0.0)
CHART Characteristic temperature, C. (0.0)
TURBC Turbulent conductivity, V/(m-C). (0.0)

Turbulent conductivity can be specified directly
in TURBC or by setting TURBC to zero and specifying
values for CHARRE and CHART.

TURBV Turbulent viscosity, Pa-s. (0.0) This must be set
to some non-negative value,

i
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+................................+
| Zero-Equation Turbulence Model |
+................................+

This option does not solve any governing equations involving
turbulent quantities. The turbulent viscosity is computed from
the following equation:

TURVIS=RO*LENSCA**2*VELOG
where RO is the local density,
LENSCA is the length scale (AKAPPA*YDIST),
YDIST is the distance to the nearest wall (a cutoff value
of 0.175*HYDIN is used in the code), and
VELOG is a velocity gradient.

For this option the following input must be specified:
Note. The user must override the default value for HYDIN.

ITURKE 10.. Turbulent kinetic energy flag must be 10.
The variable ITURKE must be input in NAMELIST / GEOM /.

AKAPPA Van Karman constant used as described above. (0.4)
HYDIN Hydraulic diameter, m. (0.0). HYDIN is internally

computed when IGEOM > 0.
OMEGAT Relaxation factor for turbulent viscosity. (0.9)
PRNDLH Turbulence Prandt1 number for thermal energy transfer.

(0.9)

!
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i +...............................+
| One-Equation Turbulence Model |
+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 7

|The equation for turbulent kinetic energy is solved. Wall
function corrections are applied to cells adjacent to solid |

'

walls for both the turbulent kinetic energy equation and the
momentum equations. The turbulent viscosity is computed from
the following equation:

) TURVIS=CDTURB*RO* TURK **2/TKED
where CDTURB is the coefficient for computation of
turbulent viscosity, i

RO is the local density,

; TURK is the local turbulent kinetic energy, and

; TKED is the dissipation of turbulent kinetic energy
computed from the following equation:>

TKED=CDTURB** 0 . 75 * TURK ** 1. 5 / LENSC A,

j where LENSCA is the length scale (AKAPPA*YDIST), and
YDIST is the distance to the nearest wall (a cutoffi

value of 0.175*HYDIN is used in the code).

For this option the following input must be specified:
Note. The user must override the default values

NYDIN and TDIN. ;

i

; ITURKE 11.. Turbulent kinetic energy flag must be 11.
'

The variable ITURKE must be input in NAMELIST / GEOM /.

I
1 AKAPPA Von Karman constant used in the one-eqiation turbulence

model. (0.4)
CDTURB Coefficient for computation of turbulent viscosity. (0.09)

,

EE Coefficient for computation of shear stress near'

i the wall. (9.0)
EPS6 Convergence criterion parameter for turbulent kinetic

energy equation. (1.0E-5) |;

| HYDIN Hydraulic diameter, m. (0.0) HYDIN is internally computed
; when IGE 0M > 0,

i ITMAXK Maximum number of iterations for turbulent kinetic energy.

! equations. (29)
NTJUMP This parameter controls the frequency with which the

turbulence subroutines are called. The turbulence j

subroutines are called every NTJUMPth time step. (1)

; OMEGAK Relaxation factor for the turbulent kinetic energy
equation coefficients. (0.95),

| OHEGAT Relaxation factor for turbulent viscosity. (0.9)

l
! '

'
,

l

t,
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PRNDLH Turbulence Prandtl number for thermal energy transfer.
(0.9)

PRNDLK Turbulence Prandt1 number for turbulent kinetic energy
(1.0)

RELAXK Relaxation factor for turbulent kinetic energy solution
(0.8).

TDIN The inlet dissipation of turbulent kinetic energy is
computed from the following equation:

TKEDIN=TDIN* TURK **1.5
where TURK is the inlet turbulent kinetic energy and
TDIN can be either determined empirically or by using
the following equation:

. TDIN=CDTURB**0.75/(AKAPPA*0.175*HYDIN)
TKIN Coefficient to compute inlet turbulent kinetic energy.

(0.001)

>

--- ,, , - - - . - - - - . - . . , - - - - - - -,
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+...............................+
| Two-Equation Turbulence Model |
+...............................+

This is the most rigorous turbulence model.
Both the equation for turbulent kinetic energy (TURK)
and the equation for dissipation of turbulent kinetic energy
(TKED) are solved. Wall function corrections are applied to
cells adjacent to solid walls for both the turbulent kinetic
energy equation and momentum equations. The turbulent
viscosity is computed using the following equation:

TURVIS=CDTURB*RO* TURK **2/TKED
where CDTURB is the coefficient for computation of shear
stress near the wall,
R0 is the local density,
TURK is the local turbulent kinetic energy, and
TKED is the dissipation of turbulent kinetic energy.

For this option the fallowing input must be specified:
,

Note. The user must override the default values for
HYDIN and TDIN.

ITURKE 12.. Turbulent kinetic energy flag must be 12.
The variable ITURKE must be input in NAMELIST / GEOM /.

AKAPPA Von Karman constant used in the one-equation turbulence
model. (0.4)

CDTURB Coefficient for computation of shear stress near

the wall. (0.09)
CT1 Empirical constant used in the equation to compute

turbulent kinetic energy. (1.44)
CT2 Empirical constant used in the equation to compute the

dissipation of turbulent kinetic energy. '1.92)
EE Coefficient for computation of shear stress near

the wall. (9.0)
EPS6 Convergence criterion paramotsr for turbulent kinetic

energy equation. (1.0E-5)
HYDIN Hydraulic diameter, m. (0.0) HYDIN is internally computed

when IGEOM > 0.

!

|

:

I

|

|
|

s
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ITMAXK Maximum number of iterations for turbulent kinetic energy.
equations. (29)

NTJUMP This parameter controls the frequency with which the
turbulence subroutines are called. The turbulence
subroutines are called every NTJUMPth time step. (1)

OMEGAD Relaxation factor for equation to compute dissipation
of turbulent kinetic energy. (0.7)

OMEGAK Relaxation factor for equation to compute the turbulent
kinetic energy. (0.95)

OMEGAT Relaxation factor for turbulent viscosity. (0.9)
PRNDLD Turbulence Prandtl number for dissipation of tu.bulent

kinetic energy. (1.3)
PRNDLH Turbulence Prandtl number for thermal energy transfer.

(0.9)
TRNDLK Turbulence Prandtl number for turbulent kinetic energy

(1.0)
RELAXK Relaxation factor for turbulent kinetic energy solution

(0.8).
TDIN The inlet dissipation of turbulent kinetic energy is

computed from the following equation:
TKEDIN=TDIN* TURK **l.5
where TURK is the inlet turbulent kinetic energy and
TDIN can be either determined empirically or by using
the following equation:

TDIN=CDTURB**0.75/(AKAPPA*0.175*liYDIN)
TKIN Coefficient to compute inlet turbulent kinetic energy.

(0.001)

. _ _ . . _ - _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ - -
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+.................................+
| Cell Integrated Wire Wrap Force | These parameters are
+.................................+ used only when IWIRE=2.

CWIREX Coef ficient of wire force in X-direction. (0.5)
CWIREY Coef ficient of wire force in Y-direction. (0.5)
CWIREZ Coefficient of wire force in Z-direction. (0.5)

+..........................+

| Fuel Assembly Drag Model |
+..........................+

The current implementation of the fuel assembly drag model
is probably inoperative. The treatment of WETLEN needs to be
reworked. Subroutines to look at include QGENER and TKENER.

,

1 This model is intended to be used when analyzing rod bundle
problems to provide flow resistances.

IDRAG 0..No flow resistance due to fuel assembly drag model (*).
1.. Nominal fuel assembly drag forces applied.
2.. Fuel assembly drag forces are applied as in option

1 except that the cross flow drag is multiplied by
AL/ALX or AL/ALY where AL is the volume porosity

;
' and ALX and ALY are surface permeabilities. This

option should be used when fuel assembly drag forces
are desired and the cell integrated wire wrap force
option is used (IVIRE=2).

CDRAGX Multiplier of drag force in X-direction. (1.0)
CDRAGY Multiplier of drag force in Y-direction. (1.0) i

CDRAGZ Multiplier of drag force in Z-di ection. (1.0)
WETLEN needs to be defined correctly to use the fuel assembly drag ,

model.
.

I

l

i

.

i
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*********************

* NAMELIST /INPUTQ/ * This namelist is read only when IFR0D>0.
************:. : :. : :. : :. :.

IQ 0..The axial power distribution is specified by the user
in the variabis QK(K). (*)

1..A cosine axial power distribution is initialized in

the variable QK(K).
2..A mu* sin (mu) axial power distribution skewed toward

the top is initialized in the variable QK(K).
3..A mu* sin (mu) axial power distribution skewed toward

the bottom is initialized in the variable QK(K).
QK(K) Axial power distribution. Nominally QK(K)=1.0 for all

K between KLHS and KHHS and 0.0 for all other K.
KLHS Lowest heated K-plane. (0)
KHHS Highest heated K-plane. (0)
FNZ Axial nuclear hot-channel factor used for IQ=1, 2, or 3.

This is the ratio of maximum-to-average axial power
density. (0)

QFLUX Average constant heat flux, W/m**2. (0.0)
QSC00L Volumetric heat source for coolant, W/m**3. (0.0)

NOFQT Number of the transient function which is 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. (0)

QIN(IND) Normalized radial power distribution. To obtain the
index, IND, from the cell indices. (I,J), the following
relationship is used: IND=I+IMAX*(J-1).

-
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When IGEOM > 0 the following variables must be considered:

CLAD 0D Clad outside diameter, m.

PITCKX Pitch in the X-direction, m. The default is DX(2) when
IPART=1 and 2.0*DX(2) when IPART=0.

PITCHY Pitch in the Y-direction, m. The default is DY(2) when
IPART=1 and 2.0*DY(2) when IPART=0

All flow areas, cell wetted perimeters and fraction-of-pin-in-
cell values are initially set to values computed from a standard
hexagonal fuel bundle geometryl If the user is considering a
case which deviates from this default, any or all of these
parameters can be reset by using the following four variables:

; IJTYPE(IND) Cell type. Cell types are positive integers less than
five and are used as indices of the following three
variables. If a nonnegative value is given to any of the
following three variables, then the corresponding value !

parameter will be set to that value in all cells of that
type. To obtain t'..e index, IND, from the cell indices,
(I.J), the following relationship is used:,

'

IND=I+IMAX*(J-1). i

PINAF(IJ) Fraction of pin in cells of type IJ where IJ=IJTYPE(IND).

(-1.0) i

FLOVA(IJ) Flow area of cells of type IJ where IJ=IJTYPE(IND), i

m**2. (-1.0)
WETLN(IJ) Wetted perimeter of cells of type IJ where IJ=IJTYPE(IND),

m. (-1.0)

An example might help to clarify the input for the four !

variables above. Consider a case with IMAX=JMAX=10.
'

IJTYPE=15*1,10*2, indicates that cells (1,1) through (5,2) are
assigned type 1 and cells (6,2) through (5,3)
are assigned type 2.

,

PINAF=0.5,0.25, Cells of type 1 and 2 are given pin fraction'

values of 0.5 and 0.25 respectively.
FLOWA(2)=0.028, Cells of type 2 are assigned flow areas of

0.028 while cells of type 1 retain their
default value as in a standard hexagonali

geometry. Cells of type 1 and 2 also retain )
their standard hexagonal wetted perimeter
values,

i I
'

,

|
1

{
'

i

._ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ , _ . _ . _ . _ _ __ ____.
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*************;;.;;;. ********

* REBALANCING REGION CARDS * This set of cards must be included
::;. ::: * :::;.. ::::: o**** only when IFREB>0 in NAMELIST / GEOM /

and NEWREB=1 in NAMELIST / DATA /.

These cards are used to specify the location of rebalancing
regions and rebalancing surfaces. Additional input is required
in the Rebalancing Option section of NAMELIST / DATA /. Each card
in this section contains the following variables in FORMAT (A4,7
FORMAT (A4,7I4).

NAME N IB IE JB JE KB KE

NAME REBM The cells defined on this card form (part of) a
rebalancing region. At least one card of this type
is required for each region.

REBX The cells defined on this card defino a rebalancing
surface which coincides with an I grid plane. The
surface defined by cell (1,J,K) is the surface between
cell (I,J,K) and cell (I+1 J K).

REBY The cells defined on this card define a rebalancing
surface which coincides with a J grid plane. The
surface defined by cell (I,J.K) is the surface between
cell (I,J,K) and cell (I,J+1,K).

REBZ The cells defined on this card defino a rebalancing
surface which coincides with a K grid plane. The
surface defined by cell (I,J,K) is the surface between
cell (I,J,K) and cell (I,J.K+1).

N Rebalancing region number.
IB IE These six variables are the beginning and ending
JB,JE I , J , and K-indices used to define a rectangular
KB,KE solid of cells which constitute (part of) a

rebalancing region or a plane of cells adjacent to
a rebalancing surface.

Note 1. Internal surfaces having zero permeabilities
should not be included as rebalancing surfaces.

Note 2. The number of cells and surfaces input in these
cards must exactly match the numbers specified
in the variables NREBRT, NREBM, NREBX, NREBY, and
NREBZ in the Rebalancing Option section of
NAMELIST / DATA /.



116

46

***************************************

* FORCE STRUCTURE SPECIFICATION CARDS * This set of cards must
*************************************** be included only when

NFORCE>0 and NEhTOR=1
in NAMELIST /GE0M/.

These cards are used to locate the force structures' described in
the Force Structure section of NAMELIST / DATA /. These forces
can be applied at cell faces b'etween two computational cells.
The locations therefore correspond to portions of grid planes.
Each card in this section contains the following variables in
the FORMAT (A4,7I4).

NAE N IB IE JB JE KB KE

NAME XFOR X-direction force,

iTOR Y-direction force.
ZFOR Z-direction force.

N Force structure number.
IB IE These six variables are the beginning and ending
JB,JE I , J , and K-indices used to define a plane of-
KB,KE cells. The cell face defined by cell (I,J.K) for an

X-direction force is that one between cells (I,J,K)
and (I+1,J.K). For a Y-direction force, it is the one
between cells (I,J.K) and (I,J+1,K), and for a
Z-direction force, it is the one between cells (I,J,K)
and (I,J,K+1).

.
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***** a :. . :. :, :. :. :. :. :. :. :, :. :. :.************

* THERMAL STRUCWRE PROTOTYPE CARDS *
:.<.:.:.******************************.

This set of cards is included when ISTRUCT=1 in NAMELIST / GEOM /
and NEWTS =1 in NAMELIST / DATA /.

A thermal structure is a collection of thermal structure
elements each of which has the same characteristics as
specified by a thermal structure prototype. Thermal
structure prototypes are defined using TYPE, FLUID, and
MATERIAL namelists with the names T. F, and M respectively.

~The order in which these namelists are input indicates the
the construction of the thermal structures and must conform
to the following rules:

1. A TYPE namelist must begin the definition of each thermal
structure prototype.

2. If fluid interacts with surface one, a FLUID namelist must
be present after the TYPE namelist (before the firs *.

MATERIAL namelist). If, in addition, fluid interacts with
surface two, a FLUID namelist must also be present after
the last MATERIAL namelist.

3. A gap exists after each material except the last. The
gap parameters are specified in the MATERIAL namelist.

4. The initial default for all namelist variables is zero.
Subsequent defaults are the values in effect after reading
the previous namelist. If, for example, the geometrical
type is the same for all thermal structure prototypes,
IXYZ need be specified only on the first TYPE namelist.

5. The definition of thermal structure prototype N+1 must
follow the definition of thermal structure prototype N.

6. Blank cards or comment cards may be interspersed as
desired.

The precise definition of each card is as follows:

+.....................+ '

, | TYPE NAMELIST /T/ |
| +.....................+

N Thermal structure prototype number. This number does not
need to correspond to its index or ordinal number.

IXYZ Geometrical type or characteristic.
i 1.. Rods (cylinders) with axis aligned in the I-direction.

2.. Rods (cylinders) with axis aligned in the J-direction.
3.. Rods (cylinders) with axis aligned in the K-direction.
11.. Slab with the normal aligned in the I-direction.
12.. Slab with the normal aligned in the J-direction.
13.. Slab with the normal aligned in the K-direction.

101.. Sphere aligned in the I-direction.
102.. Sphere aligned in the J-direction.
103.. Sphere aligned in the K-direction.

The alignment specification is included in the
spherical option to allow the normalized axial power
distribution multiplier, QK, to be operative.

__ _ _ _ _ _ _ - - - - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - _ _ _ _ _ __. _ _ _ _ - _ _ _ _ _
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!

NT The number of the transient function to be used as a j
multiplier for the heat source.

'

RODFR Rods or cylindrical thermal structures:
>0.. Number or fraction of actual rods interacting with each

associated coolant cell.
<0..The absolute value is the number or fraction of rods

per unit area (m**2) interacting with each associated
coolant cell. The rods are perpendicular to the
cell area.

Slab thermal structures:
>0.. Slab area in each associated coolant cell, m**2.
<0..The absolute value is the slab area divided by the

cell area. In the case of two sided thermal structures
this value is equivalent to a solid permeability 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 (m**3) interacting with each associated
coolant cell.

OUTR Thermal structure outer radius, m. This is not used for
slab type thermal structures.

+......................+

| FLUID NAMELIST /F/ |
+......................+

IHT Heat transfer correlation index. This value is used as
the index, NH, of the variables HEATC1, HEATC2, and
HEATC3 described in the Fluid-Structure Heat Transfer

section of NAMELIST / DATA /.
HYD Hydraulic diameter or reference length. this value is

used as D, the reference length, as described in the

Fluid-Structure Heat Transfer Section of NAMELIST / DATA /.

+.........................+

| 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 size, m.

Q Volumetric heat source for the material region, W/m**3.

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

SGAP Gap size, m.
HGAP Gap heat transfer coefficient, W/(m**2-C).

,_. _. -_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ . . - _ . _ , _ _ - _ _ _ _ _ _ - - - _ - - . _ _ _ _ - _ _ _
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*************+**********************

* THERMAL STRUCTURE LOCATION CARDS *
* az aa:.a:. ,:.a:.a: ,:,*:.:.;; :.***********

This see of cards is included if and only if TSTRUCT=1 in
NAMELIST / GEOM / and NEWTS =1 in NAMELIST / DATA /

Once the thermal structure prototypes have been defined the
location of the thermal structure elements are specified by the
THERMAL STRUCTURE LOCATION CARDS. These cards contain the
following variables in FORMAT (A4,714)

LOC NUM IB IE JB JE KB KE

LOC OUT ..The cells specified interact with the outside or
surface 1

IN ..The cells specified interact with the inside or
surface 2.

NUM Thermal structure prototype number.
IB,IE These six variables are the beginning and ending I , J ,
JB,JE and K-indices that define a rectangular (cylindrical)
KB,KE solid composed of one or more cells which are to interact

with thermal structure NUM.,

Note 1. A cell should not be specified twice by the indices
unless the true intention is to have two occurrences
of the thermal structure prototype NUM.

Note 2. Many THERMAL STRUCTURE LOCATION CARDS may be needed
to define all the cells interacting with a given
thermal structure prototype.

Note 3. The order in which cells are specified is arbitrary
except when the thermal structure prototype has fluid
cells interacting with both surfaces. In this case
cells are paired off in the order in which they are
specified. The number of cells interacting with one
surface must equal the number of cells interacting
with the other surface.
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*******************************w*******
* BOUNDARY VALUE INITIALIZATION CARDS *
***************************************

The purpose of this set of input cards is to permit
initialization of boundary values of any of the arrays listed
below. Uniform temperature and velocity boundary conditions
can be more easily specified using the variables TE.iP and VELOC
in NAMELIST / DATA /. Each card in this section contains the
following variables in the FORMAT (A4,F10.3,714).

NAME RVAL IB IE JB JE KB KE N

NAME HLB ..Enthalpy, J/kg.
PB .. Pressure, Pa.

QBN .. Heat flux, W/m**2.
RLB .. Density, kg/m**;.
TLB .. Temperature, C.
VELB.. Magnitude of the velocity normal to the surface

in the direction indicated by XNORML(N), YNORML(N),
and ZNORML(N), m/s.

RVAL The value to be assigned to the variable named.
IB,IE These six variables are the beginning and ending
JB,JE I , J , and K-indices that define a rectangular
KB,KE solid composed of one or more cells. The rectangular

solid that defines or partially defines a surface is
the one which is totally interior and adjacent to,
or partially interior to and intersecting that
surface.
Note. The scheme to indicate surfaces in the BOUNDARY

SURFACE IDENTIFICATION CARDS is the r.ame as
that used to indicate surfaces in the BOUNDARY
VALUE INITIALIZATION CARDS. This, however, is
different from the scheme used to indicate
surfaces in the INTERNAL CELL INITIALIZATION
CARDS. In the former case, surface elements are
indicated by the cell which is adjacent to and
on the side pointed to by the surface normal.
In the latter case, cell (I,J,K)
indicates the surface between cell (I,J,K) and
either cell (I+1,J,K), cell (I,J+1,K), or cell
(1,J,K+1), whichever is appropriate for the
variable being initialized. Surfaces lying on
boundaries must not be initialized using the
INTERNAL CELL INITIALIZATION CARDS but rather
the BOUNDARY VALUE INITIALIZATION CARDS.

N The surface number of the boundary being set.
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**************************************
! * INTERNAL CELL INITIALIZATION CARDS *

**************************************

The purpose of this set of input cards is to permit
initialization of internal cell values of any of the arrays
listed below. Each card of this section contains the
following variables in the FORMAT (A4,F10.3,614):

NAME RVAL IB IE JB JE KB KE

NAME AL .. Volume porosity, the dimeasionless ratio of fluid

volume in a cell to total cell volume. (1.0)
ALX .. Surface permeability, the dimensionless ratio of free

flow area to the total surface element area, between
cell (I,J,K) and cell (I+1,J.K). (1.0)

ALY .. Surface permeability, the dimensionless ratio of free
flow area to the total surface element area, between
cell (I,J,K) and cell (I,J+1,K). (1.0)

ALZ .. Surface permeability, the dimensionless ratio of free
flow area to the total surface element area, between
cell (I,J.K) and cell (I,J,K+1). (1.0)

HL ..Enthalpy, J/kg.
P .. Pressure minus initial static pressure, Pa. (0.0)

j QSOU.. Volumetric heat source per computational cell volume
DX(I)*DY(J)*DZ(K), W/m**3. (0.0),

TL .. Temperature, C. (0.0)
UL ..U-component of velocity, m/s. (0,0)
VL ..V-component of velocity, m/s. (0.0)
WL ..W-component of velocity, m/s. (0.0)

RVAL The value to be assigned to the variable named.
IB,IE These six variables are the beginning and ending I ,
JB,JE J , and K-indices that define a rectangular solid
KB,KE composed of one or more cells.

Note. The scheme to indicate surfaces in the BOUNDARY
SURFACE IDENTIFICATION CARDS is the same as
that used to indicate surfaces in the BOUNDARY
VALUE INITIALIZATION CARDS. This, however, is
different from the scheme used to indicate
surfaces in the INTERNAL CELL INITIALIZATION
CARDS. In the former case, surface elements are
indicated by the cell which is adjacent to and
on the side pointed to by the surface normal.
In the latter case, cell (I,J,K)

' indicates the surface between cell (I,J,K) and
either cell (I+1,J.K), cell (I,J+1,K), or cell
(I,J,K+1), whichever is appropriate for the
variable being initialized. Surfaces lying on
boundaries must not be initialized using the
INTERNAL CELL INITIALIZATION CARDS but rather
the BOUNDARY VALUE INITIALIZATION CARDS.

r
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***********************************,

***********************************
* ***
* *

; ** END OF COMMIX-1B INPUT DESCRIPTION
* ***

***********************************
***********************************
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***********************************
***********************************
** **
** BEHIND TIE SCENES . **..

** **
** An Appendix to the COMMIX-1B Input Description **
** **
***********************************
***********************************

**** ******** *** ; ; ;, ;, :. :. ;. ; ***********

* CONTROL PARAMETERS AT A GLANCE *
********s************* :. :. ;. ;. ;. ;, ;, :. :. ;. ;, :.

The two tables below are included to clarify the role of
some of the control parameters. The values indicated,
while not guaranteed, are ones that have been found to
work in many applications. The user is encouraged to
optimize these parameters according to application.
A value enclosed in brackets '[]' indicates that the default
value is different and that this value must be explicitly
specified in the input. For example, the default for RDTIME
is 0.8. k' hen running with ALPHA =1.0 however, the recommended
value of RDTIME is 10.0. Therefore in NAMELIST / DATA / the
specification 'RDTIME=10.0' must appear.

4

i

!

|

i

i
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+............................................+
| Semi-Implicit Time Advancement (ALPHA =0.0) |
+............................................+

+--Time Step Loop
| NTMAX 99999
| TIMAX ' 3.6E+7
| IDTIME 1

1 TSTART 0.0

| DT(1) 0.1
| DT(2) 0.1
| LASTDT 99999
| RDTIME 0.8
| NTHCON -1
|

| +--Mass-Momentum Iteration
| |

| | IT(1) 1

| | IT(2) 1

| | LASTIT 99999
| | OMEGA [0.95]
|- | EPS1 1.0E-4
| +--End of Mass-Momentum Iteration
|

| +--Energy Solution
| I

| +--End of Energy Solution
I
+--End of Time Step Loop

- ._ .
_ , _ _. . _ - _ _ . - _ - - . - - _ _ - _ _ - _ _ _ _



125

55

+.............................................+

| Fully-Implicit Time Advancement (ALPHA =1.0) |
+.............................................+

.+--Time Step Loop
| hTMAX 99999
| TIMAX 3.6E+7
| IDTIME 1

| TSTART 0.0
-| DT(1) 0.1
| DT(2) 0.1
| LASTDT 99999
| RDTIME [10.0]
| hTHCON -1
|

| +--Outer Iteration Loop

| | IT(1) 1

| | IT(2) 1

| | LASTIT 99999
I I

| | OMEGAV 0.8
| | +--Pressure Iteration Loct
| | |

| | | ITMAXP 93
| | | OMEGA 1.5
| | | EPS1 1.0E-4
| | +--End of Pressure Iteration Loop

I I

| | OMEGAE 0.8

| | +--Energy Iteration Loop

| | |

| | | ITMAXE 99
| | | RELAXE 0.95
| | | EPS5 1.0E-5
| | +--End of Energy Iteration Loop

| |

| | EPS3 5.0E-5
| +--End of Outer Iteration Loop

I
+--End of Time Step Loop

,
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***************************

* STEADY-STATE DEFINITION *
***************************

Steady-state is reached when the following conditions are met:
1. DL < 1.0 where DL= maximum cell residue /DCONV,

DCONV=EPS1*UVWMAX+1.0E-6, and UVWMAX is computed
in SUBROLTINE CLT0FF.

2. The change of the U-velocity component divided by the
maximum velocity magnitude in the entire field is less
than EPS3.

3. The change of the V-velocity component divided by the
maximum velocity magnitude in the entire field is less
than EPS3.

4. The change of the W-velocity component divided by the
maximum velocity magnitude in the entire field is less
than EPS3.

5. Maximum (DH/H) < EPS3
where H is the current enthalpy and DH is the change

I in enthalpy over two consecutive time steps.

!

i

i
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****e;;;.. ;,2,*****

* ERROR MESSAGES *
******************

'If something can go wrong, it will,
and usually at the worst posible time.'

Murphy

The following table gives a listing of the error messages
processed by SUBROUTINE ERRCHK. It is intended that this
section will be ever expanding thus making the running of
COMMIX-1B easier. In many cases, relevant information is
printed out in the line(s) before the error message block. When
appropriate, the error messages below refer to the variables
in this information line. Variables are identified by.their
type (R for real, I for integer, and A for literal) and their
relative position (1 through 12) in the line. For example,
A1,R2,I3,I4,IS,I6,I7,I8,I9 would be used to refer to variables
printed in the following line:

ALX 1.0 3 4 2 8 1 9 6

IER SUBROUTINE ERROR DESCRIPTION

1 RESTAR In reading the restart file, a block from COMMON / SPACE /
was found to have a length different from that specified
on the restart file.

2 AMAIN Boiling is starting to occur.
3 AMAIN DTIME is less than or equal to zero. Check NAMELIST

/ DATA / array DT for user specified time step size or
IDTIME and RLTIMt for code determined time step size.
In order to run with IDTIME=1 there must be a nonzero
velocity somewhere on the boundary or in the interior.
If none exists then one must set IDTIME=0 and specify
a time step size in DT.

4 BARIN An invalid input card has been encountered either in
the BOUNDARY VALUE IN!TIALIZATION CARDS or the
INTERNAL CELL INITIALIZATION CARDS. One of the
following necessary conditions has not been satisfied:.

1 <= IB <= IMAX, 1 <= IE <= IMAX,
1 <= JB <= JMAX, 1 <= JE <= JMAX,
1 <= KB <= KMAX, 1 <= KE <= KMAX,
1 <= N <= NSURF,
IB <= IE, JB <= JE, KB <= KE,
0.0 < volume porosity (AL) <= 1.0, or
0.0 <= surface permeability (ALX, ALY, ALZ) <= 1.0.

The card printed above the error message is ignored
and processing continues.

5 BARIN The surface indicated on a BOUNDARY VALUE INITIALIZATION
CARD has no surface element or area.

6 BARIN Invalid variable name on BOUNDARY VALUE INITIALIZATION
CARD.

7 BARIN BOUNDARY VALUE INITIALIZATION CARD contains an INTERNAL
CELL INITIALIZATION CARD variable name.

8 BARIN Invalid variable name on INTERNAL CELL INITIALIZATION
CARD.
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9 BARIN INTERNAL CELL INITIALIZATION CARD contains a BOUNDARY'

VALUE INITIALIZATION CARD name.
10 ALLOC The DIMENSION of variable S in COMMON / SPACE / in

SUBROUTINE ALTER is too small for the input values
for this run. Change this DIMENSION to the value
indicated in the printout, recompile, relink, and rerun.

11 BOXES One of the indices of the above BOUNDARY SURFACE
SPECIFICATION CARD is outside of one of the following
ranges:

I=1,IMAX J=1,JMAX K=1,KMAX N=1,NSURF,
or one or more of the beginning indices is greater than

,

the corresponding ending index.4

I.e., IB > IE or JB > JE or KB > KE.
12 BOXES While processing the card printed above the error

box a surface element was found to be specified as
being contained in two surfaces. The cell and surface
identifiers are (II,I2,I3) and I4 and 15 on the second
line.

13 BOXES On BOUNDARY SURFACE IDENTIFICATION CARDS, surfaces must
be specified so that surface numbers are in increasing
sequential order with all irregular surfaces preceding
regular surfaces.

14 ERRCHK Only fifteen calls to ERRCHK are allowed before
termination. This number can be increased by changing

i the value of NCALLS in SUBROUTINE ERRCHK.
15 FILLM One of the indices I, J, or K is outside of its

expected range 1-IMAX, 1-JMAX, or 1-KMAX respectively.
This error usually occurs when the BOUNDARY SURFACE
IDENTIFICATION CARDS have left a hole in the boundary.
Recheck the BOUNDARY SURFACE IDENTIFICATION CARDS for an
undefined or incorrectly defined surface and see the
appendix section entitled FINDING HOLES IN THE BOUNDARY.

16 ERRCHK Only fifteen calls to ERRCHK are allowed before
termination.

17 FILLM The total number of cells counted in FILLM has
exceeded the upper bound of IMAX*JMAX*KMAX. Recheck

3

the BOUNDARY SURFACE IDENTIFICATION CARDS.
18 FILLM Excessive wrap around in the THETA direction.

Recheck the BOUNDARY SURFACE IDENTIFICATION CARDS.
Also assure that all surface normals are pointing into'

the calculational area. <

'

19 FILLM Time has run out while attempting to number the cells
,

in FILLM. This probably has been caused by an input
error in the BOUNDARY SURFACE IDENTIFICATION CARDS.

20 BOXES The number of surf ace elements has exceeded the value
FULPIN of NL1 as specified in NAMELIST / GEOM /. If the input

QTRPIN value is correct check the BOUNDARY SURFACE
IDENTIFICATION CARDS for possible errors.

21 BOXES The number of cells has exceeded the value of NM1 as
FILLM specified in NAMELIST / GEOM /. If the input value is

! FULPIN correct check the BOUNDARY SURFACE IDENTIFICATION CARDS
QTRPIN for possible errors.

23 ALLOC Changes in NM1, NL1, IMAX, JMAX, and KMAX are not
allowed when restarting (IFRES=2 or IFRES=3).

|

1
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24 INITAL When using the Simplified Properties Option you must
input nonzero values for FC0H, FClH, FCORO, FC0K, and
FCOMU. Be aware that the Simplified Properties Option
computes properties as a linear function of temperature
only and as such must be used with extreme caution!

25 INITAL All surfaces, N, with a transient duct wall temperature
boundary condition, KTEMP(N)=500, must have positive
values input for: the material number, MATWAL(N);
the fluid-structure heat transfer correlation number,

',

IHTWAL(N); the duct wall thickness, WALLDX(N); and the
characteristic length, HYDWAL(N). N. MATWAL(N),
IHWAL(N), WALLDX(N), oud HYDWAL(N) are printed above
the error message as II, 12, 13, R4, and RS.

26 INITAL A nonpositive value of TEMPO has been found in INITAL.
Set TEMP 0 to some positive value in NAMELIST / DATA /.

27 INFORC An invalid input card has been encountered in SUBROUTINE
INFORC while reading the FORCE STRUCTURE SPECIFICATION
CARDS. The first field must contain either 'XFOR',
'YFOR', or 'ZFOR'. The indices IB and IE,
JB and JE, and KB and KE must be in the ranges 1 through

| IMAX, I through JMAX, and 1 through KMAX respectively.
The invalid card printed above the message is ignored
and execution continues,

j

28 IREBAL An invalid input card has been encountered in the '

REBALANCING REGION CARDS. One of the following errors
has been sensed: Strings other than 'REBM', 'REBX',
'REBY', or 'REBZ' in columns 1 through 4;
One of the indices N, IB, IE, JB, JE, KB, or KE is out
of its appropriate range (1-NREBRT), (1,IMAX), (1,JMAX),
(1,KMAX); IB > IE, JB > JE, or KB > KE. The card
printed above the error message is ignored and
processing continues.

29 IREBAL A cell number (M) could not be found for the cell with
indices (I,J.K), where !=I9, J=Il0, and K=Ill from the
line printed above the error message. Execution
continues at the next cell.

30 IREBAL More cells have been found in the rebalancing region
(surface) specified in the REBALANCING REGIOP CARDS than

,

i specified by NREBM (NREBX, NREBY, or NREBZ) in the
Rebalancing Option section of NAMELIST / DATA /. I

Execution terminates.
31 IREBAL The rebalancing'regiona and surfaces as specified by the

variables of the Rebalancing Option section of NAMELIST
/ DATA / are inconsistent with the regions and surfaces
as specified by the REBALANCING REGION CARDS. A

,

comparison of the totals can be found in the tables
above the error message. Execution terminates.

32 INITAL 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. '

33 IREBAL The value of IFREB must be at least as large as the sum'

i of NREBM(N), NREBX(N), NREBY(N) and NREBZ(N) for all
regions N. The input value and minimum acceptable value
are printed in the Rebalancing Summary above the error
message. Reset IFREB and rerun.

-.
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34 INITAL NL1 and NM1 must not be specified in NAMELIST / GEOM /
when restarting from a previous run with ISTATE>0.
Remove NL1 and NM1 from NAMELIST /GE0M/ and rerun.

35 OUTPUT The value 11 is an invalid value of ISTPR or NTHPR.
specifically, the VV field is not defined. The value
is ignored and processing continues.

! 36 INPSTR The gap type (IGAP(NG)) last printed is outside the
expected range of 1 through NGAPTY. Execution i

terminates.
37 INPSTR The material type (MATERL(NRI)) last printed is outside"

| the expected range of 1 through NMATER. Execution
| terminates.

38 INPSTR The partition r.ize (DRPAR(NRI)) last printed must
have a positive value. Execution terminates.

39 HLIQ The water property routine HLIQ was called with a ;

temperature greater than 340.0 degrees C. This is :
i out of the range of the (eri nt version of HLIQ.

Execution terminates.4

40 HLIQ The water property routine HLIQ has failed to converge
j in one hundred iterations. Execution terminates.

|
This error is probably csused by bad values being fed
into the arguments of HLIQ.-

41 TLIQ The sodium property function TLIQ has failed to
converge in one hundred iterations. R1, R2, R3, R4,
and R5 are the given enthalpy, pressure, initial
temperature guess, last gtess of enthalpy, and i
specific heat respectively. Execution terminates.

42 TSAT2 The sodium property function TSAT2 was unable to
compute the saturation temperature given pressure.
R1 and R2 are the pressure and the last iterate of-

'

saturation temperature. Execution terminates.
43 TSCAN On of the following input rules for thermal

structures has been violated:
; TYPE namelists can only appear first, after FLUID

namelist and after MATERIAL namelists. The geometrical
characteristics, IXYZ, must be one of the following <,

' values: 1, 2, 3, 11, 12, 13, 101, 102, 103.
i FLUID namelists can only appear af ter TYPE and NATERIAL
| namelists. Each thermal structure must have at least

one material region.
! 44 INPSTR When computing areas and volumes of the partitions '

| of the thermal structure material regions an inner
' radius was found to be less than -1.0E+4*0VTR where
.

OUTR was to outer radius as specified on the TYPE card.
! Check the thermal structure input for OUTR, DRPAR,
! and NMPAR. If no errors are found here check the entire
! thermal structure prototype input. The negative radius
- is reset to zero and execution continues. See error

'

number 45 for a list of the variables printed above
j the error block.

4 u

l

!

!
<

:
1
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45 INPSTR 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 inner radius
is reset to the outer radius end execution continues.
The parameters printed above the error block are:
N - structure number IREG - region number, IPAR -
partition number, OUTR(N) - outer radius, DR -
region size, ROUT - outside radius, RIN - inner
radius.

46 TSCAN An invalid THERMAL STRUCTURE LOCATION card has been
found. Either an index is out of range, or the LOC
value is invalid (must be either '0UT' or 'IN'), or
the NUM value does not match the number of any THERMAL
STRUCTURE PROTOTYPE.

47 TSCAN A THERMAL STRUCTURE PROTOTYPE has been encountered
which has fluid cells interacting at both outside and
and inside surfaces, however, the number of cells
interacting with the outside surface does not equal
the number of cells interacting with the inside surf ace.
II, 12, 13, and 14 are the structure number, surface
interaction code, number of cells interacting with
surface 1, and number of cells interacting with
surface 2.

48 TSCAN THERMAL STRUCTURE PROTOTYPE CARDS are inconsistent with
the THERMAL STRUCTURE LOCATION CARDS. Either the TSP
cards specify only cells interacting with the outside
surf ace and the TSL cards specify some cells interacting
with the inside surface, or the TSP cards specify only
cells interacting with the inside surface and the TSL
cards specify some cells interacting with the outside
surface. The values printed above the error message
are the same as those identified in error 47.

49 INPSTR The TilERMAL STRUCTURE I,0 CATION CARD printed above the
error message box indicates a cell within the ranges
of the indices which is not a valid calculational cell.
The specific I, J, and K indices are printed out as
19, 110, and Ill. This cell is ignored and execution
continues. The results which follow are likely
incorrect.

50 INITAL New thermal structures, rebalancing regions and force
structures can be input only at the beginning of a run
(ISTATE=0) or the beginning of a transient (ISTATE=2).
NEWTS, NEWREB, and NEWTOR have been reset to zero and
execution continues.

51 FILLM The BOUNDARY SURFACE IDENTIFICATION CARDS have defined
a single sided interior boundary surface between cells
11 and 12. Check to see that all surfaces you have
defined bound calculational cells. Also be sure that
any interior surface has calculational cells on both
sides of it. Heread the BOUNDARY SURFACE IDENTIFICATION
CARD input section and check your input, Execution
continues however subsequent results are questionahin.

. _ _ _ .-
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53 TSCAN Currently only 100 thermal structure prototypes
; are allowed. If more is needed, changes must be made

,

'

"

in COMMON /REBALS/ in subroutine ALLOC and INPSTR '

Execution terminates. !i

; 54 TSCAN Errors have been found in the order of the thermal l

f structure prototype input. These must be resolved f
; before execution can continue.

!
I 55 INITAL The momentum calculation scheme and the energy
' calculation scheme must both be run in the same mode. !

That is, either both must be specified implicit or i

1

both must be specified explicit. See variablesi

| ISETEN and ISETM0 in NAMELIST / DATA / to control the
| frequency with which the energy and momentum
! calculations are performed.
I $6 INITAL Incorrect values have been specifled for ISETEN and/or
| ISETMO. See NAMELIST / DATA / for description. ;

j 57 RESTAR An attempt has been made to switch from explicit to ;

! implicit mode before the completion of a timestep.
| Rerun an explicit restart to complete the current !

1 timestep and then run an implicit restart. :

58 INITAL Irregular surfaces must have no flow or pressure'

) boundary condition applied across them. That is,
! KFLOV(N)=1, VELOC(N)=0.0, AND KPRES(N)=0 for all

{ irregular surfaces N.
When specifying transient boundary conditions, the;

|
transient function number, NF, must be nonzero. That
is, KFLOV(N)=100. KTEMP(N)=100, KTLMP(N)=300, and

{ KPRES(N)=100 are all invalid boundary condition types.
|

; Valid types, assuming properly defined transient ,

functions, would be, for example, KTLOW(N)=101 and j
hTEMP(N)=102. -

| 59 GEOM 3D DX(I). DY(J), and DZ(K) must be nonzero for !=1 through .

; IMAX, J=1 through JMAX, and K=1 through KMAX. !

! 60 GEOM 3D The length of the normal vectors defined by
j XNORML(N), YNORML(N), and ZNORML(N) must be within
i one percent of 1.0.
i 61 INITAL Specifying gravity in the radial (GRAVX) or theta ;

! (GRAVY) direction for cylindrical geometry may not :

! be meaningful. ;
>

I

I i

I !

! !

! i
:

!

i t

;

! !

4 r

.
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i

!
; **********************

|

* STORAGE ALLOCATION *; ;
**********************

,

i
! In order to ease the task of creating load modules (binary
1 files) to fit the size of the problem being considered, a {
j quasi-dynamic storage allocation scheme has been implemented.

Space for most of the geometry dependent variables is allocated
;

i in the variable S of COMMON / SPACE /. The address of each ;

1 variable is computed at the beginning of each run. These [
! addresses are then passed into called subroutines where the i

f variables are named and variably dimensioned. The total length
(

j necessary to run the problem is compared with the storage t

: available in COMMON / SPACE /. If the available storage is
'

inadequate, execution terminates with a message indicating the ^

l space required. By changing the dimension of S in SUBROUTINE
'

ALTER to the value indicated, and then recompiling and relinking
ALTER to the existing load module, a new load module of the

; required size can be obtained.

Tables showing the "ariables with space allocated in variable
: S of COMMON / SPACE / can be obtained by setting ISTBUG=1 in
| NAMELIST / GEOM /. The length, index of IS containing the !

the relative address, and the relative address of each 4

variable are present in these tables.
'

i
i

i

b

I

i
!
!

;

i
'

;

i

'

I

4

.

!

I

i

i

i

I
:

!
'
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********************

* CALLING SEQUENCE *
********************

;

The following table indicates the structure of C0dMIX-1B '

by showing the calling sequence of the subroutines. Calls to
the properties routines and ERRCHK are not indicated. Also
multiple calls may not be indicated. An asterisk following
a name indicates that the calls from that routine have been
previously listed.

,

MAIN
RUNID
NAMELS
LOCF
CLEAR

LOCT,

t TSCAN
ALTER

LOCF
STOSLH
AMAIN

GEOM 3D

BOXES

FILLM
S!!OME

T1J.FT
QTRPIN

FILLM *

RARRAY
Ih"IVIR

WIRE
i

VIRVOL
WIRE

RARRAY
GE'!VIR
THETAS

FULPIN
FILLM *

RARRAY :'

TLEFT
MARRAY
IARRAY
RARRAY

INITAL,

NPROPS

DEFAUL
RESTAR

LOCF
PLTAPE

NAMELS
FITIT

ICSSCU
GETF

,
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QGENER
AXHEF
RARRAY

TREBAL
INFORC
INPSTR
ICTEMP
BARIN

DSET3
RSET3
ISET3
DSET2
RSET2
ISET2
REDEF

BCFLOT
GETF

INTURK
BCTEMT

GETF
BCTEMO

GETF

QDUCW
GETF

BCTEMP

DUCWA
GETF

BCFLOW
BCPRES

GETF
HSTRUC
TSTRUC

GETF

QSTRUC
GETF

INITZ1
BCPRES *
BCTEMO *
BCTEMP *
BCFLOT *
HSTRUC
TSTRUC *
QSTRUC *

INIW R
TISIX*

INTURK
VISFIX

VELOG
VELCEN

TURV12

_ _ _ _ _ _ _ _
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0UTPUT
RUNID
GETF
RARRAY

RSURF0
ISL7FO
PSTRLC

GDCONY
PLTAPE
TLEFT
WATSTP
GDCONY
TIMSTP

BCPRES *
MOLOOP

BCFLOT *,

XMOMI

WLFNCV
FORCES

YMOMI

$ WLFNCV
FORCES

ZMOMI

WLFNCV
FORCES

I PEQN
GETDL
REBAZG

GETDL
TDMA

REBAZ
GETDL
TDMA

GETDL
SOLVIT

REBAZG *
REBAZ *

GETDL
MOMENI

BCFLOW
VISFIX
BCTURD

TKLOOP
TKSORC

VEIEEN
TKENER

VLFNCK
SOLVEN

TDLOOP
TDNER
SOLVEN

TURV12

- __. _ _ - _ _ _ -_ _. _ _ _ _ . _ _.
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ENLOOP

BCTEKT *
HSTRUC
ESORCE

GETF
BCTEMO *
QSTRUC *

ENCONV

GETMS
VBARX
SKCOFX

V0 VAT

V0ACT
VBARY
SKC0FY

V0 VAT *
VBARZ
SKC0FZ

V0WAT *
ENERGI
SOLVEN

TLEFT
BCTEMP *
TSTRUC *

WATSTP
PLTAPE
BOIL
VATSTP
WATTIM
OUTPUT *
TLEFT
RESTAR *
WATSTP
OUTPtTT *

. _ _ _ _ _ _ _ - _ _
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|

**********'*******************

* MACHINE DEPENDENT ROUTINES * Tko machine dependent functions
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * are used in COMMIX-1A.

1

+......+

| LOCF |
+......+

This function returns the absolute address of the variable
which is passed as the argument. It is used both in determining
the length of blocks to be written to the restart tape and in

!

performing initialization. This function is used extensively
in the code and thus its functional equivalent must be supplied

i when implemented on other systems. An assembly language listing
of LOCF for the IBM maching is given below.

* Return location of a variable as 32 big integer.4

! *
' * I=LOCF(X)

*

( LOCF CSECT
' SAVE (14,12),,LOCF

L 0,0(1) Load the address.
| SLL 0,1 Remove the sign bit.

SRL 0,1

MVI 12(13),X'FF' Signal return.
SR 15,15 Return code.

! BR 14 Return.
END

+.......+

| TLEFT |
+.......+

| This function returns the CPU time left in the current run in
; units of 0.01 seconds. This time starts at the time specified
i on the JOB card and ends at zero when the job is termir.ited by

the system. It is used for timing and to determine when to
terminate and write a restart file. For interactive systems

1 the following function may be substituted. This will eliminate
meaningful timing measures and the MAXTIME restart capabilities i

however it will not effect the codes results. |
4

FUNCTION TLEFT (TIME) ,

DATA T /100000.0/
' T=T-2.0 i

! TEN 4
RETURN
END

|
.

O

! :
,
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*********************************

* FINDING HOLES IN THE BOUNDARY *
*********************************

The BOUNDARY SURFACE SUMMARY is intended to aid the user in
finding holes in the boundary surfaces. It is obtained by
setting IBSBUG in NAMELIST / GEOM /.
The boundary surface summary consists of two parts.
First is a table of binary strings and their corresponding
printed character. Following this table are JMAX planes
with each calculational cell being represented by one of
the characters from the first table. The binary string
associated with each character indicates the location of the
surface elements in the following way. Each bit in the binary
string corresponds to a face of the calculational cell. The
first bit corresponds to the face in the I minus (I-)
direction. This is the surface between cell (I,J,K) and
cell (I-1.J.K). The second bit corresponds to the face in the
I+ direction, the third in the J , the fourth in the J+,
the fifth in the K , and the sixth in the K+ direction. A

surface element is defined at a cell face if the bit
corresponding to that face has a value of 1.

For example,
sup' pose "F" is printed at the location for cell (I,J.K).
"F corresponds to the binary string "011000". This indicates
that a surfece element has been defined in the I+ and J-
directions, that is, between cells (I,J.K) and (1+1 J K) and
between cells (I,J,K) and (I,J-1,K)

In order for this scheme to be effective the table should
contain 62 different printable characters. A blank corresponds
to string "000000" and string "111111" should never occur.
While we have a laser printer with both upper and lower case at
ANL, the printers usually used are impact printers with only
about $8 different characters. Therefore, the current
implementation uses the character "7" to corresp'ond to all ofthe following binary strings: "111110", "111101 , "111011",
"110111", "101111", "011111", and "111111". This does introduce
some ambiguity however 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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| ***********************************
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APPENDIX B. LIST OF C000111-1B SUBROUTINKS

Calling

Subroutine Subroutine Descriptions
_

MAIN Computes addrennen for numerous variables and
pannen control to AMAIN

ALTER MAIN Used for altering the size of variable S in

COMMON / SPACE /. It in the only nuhroutino that

needs to be recompiled to create an expanded
load module.

AMAIN MAIN Main calling program. See the overall flow
chart. Fig 2.1.

AXilEF QGENER Calculaten axial heat flux distribution.

BARIN INITAL Roads the boundary and internal cell initial-
ization cards.

BCFLOT INITAL Updaten boundary velocitten on nurf aces with
INITZ1 trannient flow boundary condition.

MOLOOP

BCFLOW INtrAL Updaten boundary velocitten during iterationn.
MOLOOP

BCPRES INITAL Sets specified preneure valuen at colin
INITZ1 adjacent to nurface having preneure boundary
TIMSTP conditions.

BCTEMP INITAL Updaten boundary values of heat ilun,
INITZ1 temperatute, density, and enthaply.
TIMSTP

BCTEMT INITAL Updaten boundary values of temperature.
ENLOOP prennure, and density for constant and

tranntent heat flus boundary condit tune.

BCTEM6 INITAL Computom boundary valuen of prennure, heat
ESORCE flun, and dennity for constant or transient

INIT21 temperature boundary condition.

BCTURB TIMSTP Updaten boundary valuen of turbulent kinetic
energy.

BOIL AMAIN Checks overy cell for temperature and prennure
and printa out IJK locations whern boiling
occure, if intling han occurred, then 18011. In
not equal to 2 to terminato thn run.

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Calling
Subroutine Subroutine Descriptions

I

BOXES GEOM 3D Roads surface specification cards input for the
box geometry option.,

1

CLEAR MAIN Zeros out the values of all variables between
the two arguments passed.

DUCTWA BCTEMP Computes surface temperature and related values
| accounting for thermal inertia of a finite-
I thickness wall.

ENCONY ENLOOP Computes convective fluxes of the energy
equation.

ENERG1 ENLOOP Computes coefficients of the energy equation.
|

ENLOOP TIMSTP Calls required subroutines in sequence for
solution of energy equation.

ERRCHK Several Procentes error conditions and prints error
messages.

ESORCE ENLOOP Computes the source term for energy equation.

FILLM BOXES Initalizes the cell and adjacent cell pointers.
qTRPIN
FULPIN

|

FIT!T INITAL Computes the coefficients of cubic spline fit
for input transient functions.

l FORCES XMOMI Computes user-imposed drag forces.
i YMOM1

i
i ZMOMI

<

FULPIN CEOM3D Determines geosotric information for hexagonal
geometry with full-pin partitioning.

CDCONV AMAIN Computes DCONV, the convergence criteria based
on the maximum velocity in the region.

GEOM 3D AMAIN Determines essential geometric information.

CETDL MOLOOP Mass residual is evaluated from pressure
REBAZG equation aos
REBAZ / 6 g

DL=(AP,-EA[P-B)/(DXDYDZ)g

|

|

!

l

|
._ _ _ _
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Calling
Subroutine Subroutine Descriptions

GETF several Determines the value of transient function NF
at the current time.

GETMS ENCONV Stores pointers to nearby cells.

GETWIR INTWIR Computes the force contribution due to the wire
wrap in hexagonal fuel assemblies.

IISTRUC AMAIN Computes heat transfer coefficients for thermal
ENLOOP structure elements.
INITZ1

1

i IARRAY GEOM 3D Prints out a constant K plane of integer
variable.

ICSSCU FITIT Computes cubic spline fit coefficients of
transient functions.

ICTEMP INITAL Initializes temperature, heat flux, velocity,
density, and pressure on the boundary and sets
boundary density.

INFORC INITAL Reads input related to force structure and
prints corresponding input summary.

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

INITUR AMAIN Performs turbulence model initialization.

, INITZ1 AMAIN Performa initialization for a hexagonal fuel
'

assembly. It computes heat source, sets U and
V velocities to zero, and performe a 1-D,
steady-state, axial dependent initialization
for temperature, density, etc.

INPSTR INITAL Reads thermal structure input data, computes
required geometrical and physical information,
and prints thermal structure input summary.

INTURK INITAL Computes initial boundary and internal cell3

INITUR values of turbulent kinetic energy.'

INTWIR QTRPIN Computes the wire wrap coefficients.

IREBAL INITAL Performs initialization for user-npecified
rebalancing option.

,

i

_ _ _ _ . _ _ _ , _ . , . _ . _ __ _ . _ ____._ __ - _ . . _ _ _ _ _ _ _ . _ _ _ _ - - _ . , . . _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ . . _ _ _ ~ ,_ _
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Calling i

Subroutine Subroutine Descriptions

ISURF0 OUTPUT Prints surface array IVAR for surface number
NSUR.

MARRAY GEOM 3D Prints the M array.

MOLOOP TIMSTP Calls required subroutines in sequence to solve
mass-momentum equations.

MONENI MOLOOP Calculates new-time velocity using new-time
values of pressure.

1

OUTPUT AMAIN Prints global balances and requested array
information.

PEQN MOLOOP Computes coefficients of pressure equations.

PLTAPE AMAIN Writes plotting information.
RESTAR

PSTRUC. OUTPUT Prints temperature fields and heat transfer
information relating to thermal structures.

QDUCTW BCTEMO Computes transient heat flux from duct walls.

QGENER .INITAL Performs rod bundle initialization.

QSTRUC AMAIN Solves heat conduction equations and computes
INITZ1 effective heat source from thermal structures
ESORCE to the coolant.

QTRFIN GEOK3D Determines geometric information for hexagonal
geometry with quarter pin partitioning.

RARRAY Several. Prints a two-dimensional array of values on any
1, j, or k plane.

REBAZ MOLOOP Ferforms plane-by-plane rebalancing from inlet
; SOLVIT to outlet in either x, y, or z direction.
i :

REBAZG MOLOOP Performs user-specified rebalancing.
SOLVIT

REDEF BARIN Redefines porosities and permeabilities that
are R dependent for cylindrical geometry.

,

t RESTAR INITAL Writes or reads a restart dataset.
| AMAIN

RSET2 BARIN Performs interior cell value initialization.

,i

. . - . , - , , , - - - - , - - - - , . - . - , , - - - - - - - --- ,..-- - , ,- - .
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Calling
Subroutine Subroutine Descriptions i

RSET3 BARIN Performs boundary value initialization.

RSURF0 OUTPUT Prints a specified surface array.

SHOME FILLM Prints graphical representation of the boundary
surface identification cards.

SKC0FX ENCONV Computes x-direction coefficients for skew-
upwind and volume-weighted skew-upwind
difference schemes.

SKC0FY ENCONV Computes y-direction coef ficients for skew-
upwind and volume-weighted skew-upwind
difference schemes.

SKC0FZ ENCONV Computes z-direction coefficients for skew-
upwind and volume-weighted skew-upwind
difference schemes.

SOLVEN ENLOOP Solves a set of equations by the SOR procedure.
TDLOOP
TKLOOP

SOLVIT MOLOOP Solves the pressure equation by the SOR
procedure.

SOPROP several Sodium properties package.

TDMA REBAZ Solves a set of equations by tridiagonal matrix
REBAZG algorithm.

TDLOOP TIMSTP Computes the dissipation of turbulent kinetic
energy c for one- and two-equation models .

TDNER TDLOOP Computes the coef ficients of the c (dissipation
of turbulent kinetic energy) equation.

,

(
,

TIMSTP AMAIN Calls required subroutines in sequence to bring

|
variable values f rom time t to time t+At .

TKENER TKLOOP Calculates the coefficients of the turbulent
kinetic energy equation.

TKLOOP TIMSTP Computes turbulent kinetic energy k.

TKSORC TKLOOP Computes the source terms in the turbulent
kinetic energy (k) ecuation.

TLFIX INITUR Fixes the turbulence length scale for one-
equation turbulence model.

,

|
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Calling
Subroutine Subroutine Descriptions

TSCAN MAIN Scans the thermal structure input to determine
the amount of storage needed to run this
problem.

TSTRUC AMAIN Solves heat conduction equation and computes
TIMSTP thermal structure temperature. TTS.
INITZ1

TURVI2 INITUR Computes turbulent viscosity and thermal
TIMSTP conductivity for one- and two-equation

turbulence models.

VBARX ENCONV Computes averge velocity components on
VBARY given cell surface.
VBARZ

VELCEN TKSORC Computes cell-centered velocity.
VELOG

VELOG VISFIX Computes the velo' city gradient fe. the zero-
equation turbulence model.

VISFIX .INITUR Computes the turbulent viscosity for the zero-
TIMSTP equation model of turbulence.

V0ACT V0WAT Computes parameters related to skew-upwind and
volume-weighted skew-upwind schemes.

V0WAT SKC0FX Computes parameters related to skew-upwind
SKCOPY and volume-weighted skew-upwind schemes.
S KCOFZ

WAPROP several Water properties package.

WATSTP AMAIN Determines when information is to be written to
output or plottape.

|

l WATTIM AMAIN Determines when information is to be written to
output or plottape.

WIRE INTWIR Determines the wire wrap location and
WIRVOL appropriate axial areas.

WIRVOL INTWIR Determines the volume of wire along with
blocked wire areas.

WLFNCK TKENER Calculates wall functions for the energy
equation.
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Calling
Subroutine Subroutine Descriptions

WLFNCV XMOMI Calculates wall functions for the momentum
YMOMI equations.
ZMOMI

XMOMI MOLOOP Computes coefficients of x-momentum equations.

YMOMI M0 LOOP Computes coefficients of y-momentum equations.

ZMOMI MOLOOP Computes coefficients of z-momentum equations.

- __ _ _ - . _ _ _ ._
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APPENDIX C. RESISTANCE CORRELATIONS

C.1 IlffRODUCTION

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

We caution here that the correlations presented are not necessarily tne
only and final relations. We welcome feedback and comments from all users so

' that we can add other correlations, update the existing relations, and improve
the info: mation presented here.

C.2 AKIAL FLOW IN ROD BUNDLE ASSEMBLT

C.2.1 Ceneralized Correlation

e Laminar Flow

For a laminar axial flow in a rod bundle assembly, Rehme and Trippe [3]
have recommended the following generalized correlation:

d
' f= (C .1)=

,
1 2
7pv

where C is a geometric parameter, V is the axial velocity, d h is the hydraulic
diameter, and Re is the Reynolds number.

p vd
hRe = (C.2).

u

The central, wall, and corner subchannels in a rod bundle assembly are
shown in Fig. C.I. The value of geometric parameter C is a function of

- P/D for central subchannel (Fig. C.2),
- W/D for 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 total assembly

2 3
I I ^i \1 1 tot= { -l

tot i i\ i) (Atot)I
l I (C.3),

where S is 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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e Turbulent Flow

Rehme [4] has recommended the following equat. ion for the turbulent
friction factor in a rod bundle assembly:

/2 1/2' }* *
=A 2.5 Log, Re + 5.5 -G. (C.4)

,

i

The two empirical factors, G* and A* , are functions of geometric parameter C
(Sec. C.2.1) as shown in Figs. C.4 and C.5.

C.2.2 Generalized Correlations for Wire-Wrapped Bundles

e Engel, Markley, and Bishop
l

Based on limited experimental data, Engel, Markley, and Bishop [5] have
l recommended the following generalized correlation for hexagonal fuel asserbly

applicable in the range P/D F_ l.27 and H < 30 cms:

f = h(1 X) (C.5)+ X .

25

. -
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Here,

X = 0.0, for Re < 400, (C.6a)

X= , f r 400 < Re < 5000, and (C.6b)4600

X = 1.0, for Re 15000 (C.6c)

and the coefficient A is a function of wire-wrap icad H and pitch to rod
diameter ratio.

A= (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 [6] developed the following generalized corre-
lations applicable to a wide range of wire-wrapped hexagonal fuel assemblies:

f=R (f r Re < 400), and -(C.8)

f= 1+C e ( r e 00). (C 9)18

Here,-Re (= pud /p) is the bundle Reynolds number and the coef ficients Cgg andhCgg 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 = A (N) ( P/D) (H/D) (C.10)gg

and

C = 251 (N) . 07 ( P/D)0.M7 (H/D)-0.W (C.11).gg

The values of the constants A, B, C, and E are given in Table C.I.

For a hexagonal assembly, the flow area and hydraulic diameter, d , canhbe calculated using the relationships:

Flow area = -- ( d _g)2 _ (92+D), (C.12)2
g
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Table C.1 Values of Constants in Equation C.10

D ,> 0.35" D > 0.35" <

_

A= 0.00221 A= 0.000584

B= 0.166 B= 0.185 1. H/D i 4
f0YC= 8.297 C= 8.247 2. P/D > 1.2 & H/D < 8

E = -1.457 E = -1.818 3. P/D > 1.343 & H/D < 12.

A= 0.0000395 A= 0.000278

B= 0.063 B = -0.084

C= 0.174 C= 0.289 for others.

E= 0.178 E = -0.268

Perimeter = (2 /3 d ,g) + wN (D +D),and (c.13)g
;

d = 4 * fl W area / Perimeter. (C.14)h

Here, d _g is the distance between the flat surfaces of hexagonal assembly, Df
is the pin diameter, D is wire-wrap diameter, and N is the number of pins iny
a bundle.

e Rehme

Rehme [7] has recommended the following correlations for wire-wrapped rod
bundles,

"

64 0.0816fy , (C.15).

e R. # ( Re 6)
1338

Here, S is the wetted perimeter. of a rod bundle (rods and wires), S is theb g t
total wetted perimeter (rods, wires, and casing), and F is the ' geometric t

'
factor.

O.5 D 2" 2.16"

7.6 [ (C.16)F= + .

C.2.3 Bod Bundles in CRER

In the Clinch River Breeder Reactor (CRBR) Plant, there are several
different. types of hexagonal rod bundles. The important geometrical
characteristics of these bundles are presented in Table C.2.

-- - -._,.-,- -. -_ . . - - _ - - __ . _ - - _ .
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Table C.2: Important Parameters of CRBR Hexagonal Assemblies

Assembly No. of Pins P/D H/D D, D, d'h
mm in mm

Fuel 217 1.24 51.74 5.842 0.23 3.254
Blanket 61 1.072 7.905 12.852 0.506 3.399
Primary control 37 1.05 21.18 15.291 0.602 6.862
Secondary control 31 1.05 10.87 14.036 0.552 15.981

Reactor shield 19 1.0 - 25.197 0.992 1.357

e Fuel Assemblies (CRBR, FFTF)

Based on the experimental measurements [8-11], the following correlations
are recommended for CRBR and Fast Flux Test Facility (FFTF) fuel assemblies.
The same correlations are applicable to both FFTF and CRBR fuel assemblies,
because geometrical features are the same.

84
f=p for Re < 1000 . (C.17)

1.075+0.1876(10 +0.0801(10f=f
Re Rc

for Re > 1000. (C.18)

Here, f is the Colebrook friction factor for a smooth tube.e

*I"

(C.19)=.-0.8686 Log * .

fi (Re fi )c c..

The above correlations (C.17 and C.18) are provided as an option (ICORR=94) in
COMMIX.

Alternatively, one can use anyone of the two sets of generalized
equations to determine friction factor in fuel assemblies. In COMMIX, an

; additional option (ICORR=90) is provided for determining friction factor.

|

0 48 1/2f=8 7 (1 x)1/2 (C.20)
Re

for CRBR fuel assemblies. Equation C.20 is derived from Eq s . C.5 and C .6
using the values P/D = 1.24 and H = 30.227 cm for evaluating the coefficient A

' = 81.7.

(

|
!

1

-- _ _ _ _ . _ _ . __ _ _ _ , _ _ _ _ _,_
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e Blanket Assembly

Engel, Markley, and Bishop [5] have recommended the following correla-
tions for the blanket assembly:

'f = h (1 - X) (C.21)+ X .

25

Equation C.21 is provided as an option (1 CORR =91) in COMMIX.

* Control' Assembly

For CRBR control assembly, if we use the generalized correlations c C.5
through C.7, we obtain

g , 60.68 ( l' - d l/2 + 0.48 1/2 (C.22).
Re *

Re

Equation C.22 is ' provided as an option (ICORR=95) in COMMIX for evaluating
friction factor in the CRBR control assemblies.

C.2.4 Rod Bundles in EBR-II

For EBR-ll rod bundles, Baumann et al. [12] used the correlation

f = a Re , (C.23)

derived . f rom the experimental measurements. The maj or 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 a and b, given in Tables C.3 and 'C.4, are
derived from the measurements of total pressure drop across full length of an
assembly without separating the effects of various sub-sections, e.g., inlet
nozzle, orifice shield, rod bundle, outlet nozzle, etc. Therefore, one
correlation, Eq. C.23, is applicable over the entire length of the assembly.

C.3 SPACEE GRIDS

C.3.1 Plane Crid

For a plane grid with sharp. edged orifices (Fig. C.6), Idelchik [13] has
given the values of loss coefficient as a function of area ratio (Table C.5).

Ap = Khpv n. (C.24)

Here, n is the number of grids; K, the loss coefficient for. a grid, is . a

function of area ratio A /A ; A is the flow area through grid; and Ag is theo g o
flow area without grid.
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' Table C.3 Important Parameters of EBR-Il Assemblies

Assembly No. of Rods D, mm P/D ll/D

Driver (fuel) 91 4.42 ~1.30 3.45
Blanket 19 12.52 ~ 1.0 -

I Reflector 1* - - -

* Hexagonal cross section '

I

| Table C.4 Values of Constants a and b for EBR-ll Assemblies
l'

{ Assembly a b Range
r

Driver 26.33 -0.85 Re < 557.5.,

Driver 0.1922 -0.072 Re > 557.5 ,

Reflector 6.48 -0.03 - I
4

Blanket 2.574 -0.269 -

i

i

Table C.5 Loss Coefficient for a Plane Grid
;

[
*

A /Ag K A /Ag K A /A Ko o o g

0.02 7000 0.22 40.6 0.50 4.00
i
t 0.03 3100 0.24 32.0 0.52 3.48
'

O.04 1670 0.26 26.8 0.55 2.85 '

0.05 1050 0.28 22.3 0.60 2.00, ,

0.06 730 0.30 18.2 0.65 1.41

0.08 400 0.32 15.6 0.70 0.97 i
i
'

O.10 245 0.34 13.1 0.75 0.65
,

L0.12 165 0.36 11.6 0.80 0.42 - ;

0 .14 117 0.38 9.55 0.85 0.25
0.16 86.0 0.40 8.25 0.90 0.13

) 0'.18 65.5 0.43 6.62 0.95 0.05
! 0.20 51.5 0.47 4.95 1.00 0.00
e

4

.

-----,._.,.m.- -,-,-,--,,wm- - - - . , , ve-- ---9 - , . , - . ,%---'*"" t 7 *-.uv- ,- ,e-., ,-w.y-- ,,,#,.% _,,...,.m _
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Fig. C.6. Plane Grid with Sharp-edged Orifices

C.3.2 Grid Type Spacer

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

Ap [ A\
g 2 " K " "v j 1- (C.25).

i 17 pvg

has a value between 6 and 7, vg is the average flowHere, the coefficient cy
velocity, A is the flow area through a spacer, and Ag is the flow areao
through an undisturbed section.

C .4 CROSSFLOW IN TURE OR B00 BIDEDLE

C.4.1 Generalized Correlation

For crossfinw over tubes, Conter and Shaw [14] have proposed the
following correlations for friction factor,

i
; e Laminar Flow (Re < 200)

|'y)0.4/P[0.6
/dAp d.

v 180
(C.26)f=

l 'T}
j=

t .

L hpv \ T) \

e Turbulent Flow (Re > 200)
|

| /d 0.4 P 10.61.92 v t*f= | (c.27).0.145 (PT T/P
Re

l
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Here,

4 x net free volume
d v friction surface g g)=

is the volumetric hydraulic diameter, Pt is the longitudinal pitch (center to
center distance from a tube in one row to the nearest tube in the next
transverse row), PT is the transverse pitch (center to center distance from a
tube to the next tube in one transverse row), and

av d
#

R (C.29)=
e u

is the Reynolds number based on volumetric hydraulic diameter.

C 4.2 Square Array

For flow across a square array, as shown in Fig. C.8, Idelchik [13] has
recommended the following correlation for pressure loss coefficient:

"K= = ( a Re") n . (C.30)2
7pv

Here, v is the mean velocity in the bundle cross section, Re is the Reynolds
number based on mean velocity v and rod diameter D, and n is the number of
transverse rows of tubes (e.g. n = 3 in Fig. C.8). The coefficient a and
exponent m are functions of pitch to diameter ratio P/D and are given in
Tables C.6 and C.7.

Momentum
Control Volume,

i 4
"
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'1 990
,

Fig. C.8. Crossflow over Square Array to Tube or Rod Bundle



Table C.6 Coefficient "a" for Square Array (Fig. C.8)

P /D
/P - D) TT

1

(P - Df
1.2 1.4 1.6 1.8 2.2 2.6 3.0 3.4 3.6 4.2

0.1 5.376 3.792 3.120 2.688 2.184 1.872 1.704 1.560 1.440 1.344
0.2 4.704 3.318 2.730 2.352 1.911 1.638 1.491 1.365 1.260 1.176
0.4 4.077 2.876 2.366 2.038 1.656 1.420 1.292 1.183 1.092 1.019
0.6 3.808 2.686 2.210 1.904 1.547 1.326 1.207 1.105 1.020 0.952
0.8 3.539 2.496 2.054 1.770 1.438 1.232 1.122 1.027 0.948 0.885
1.0 3.405 2.402 1.976 1.702 1.383 1.186 1.079 0.988 0.912 0.851
1.2 1.613 1.138 0.936 0.806 0.655 0.562 0.511 0.468 0.432 0.403

h1.6 0.918 0.648 0.533 0.459 0.373 0.320 0.291 0.266 0.246 0.230
2 .0 0.672 0.474 0.390 0.336 0.273 0.234 0.213 0.195 0.180 0.168
2.4 0.538 0.379 0.312 0.269 0.218 0.187 0.170 0.156 0.144 0.134
2.8 0.470 0.332 0.273 0.235 0.191 0.164 0.149 0.137 0.126 0.118
3.2 0.381 0.269 0.221 0.190 0.155 0.133 0.121 0.111 0.102 0.0952
3.6 0.336 0.237 0.195 0.168 0.137 0.117 0.107 0.0975 0.090 0.0840
4.0 0.314 0.221 0.182 0.157 0.127 0.109 0.0994 0.0910 0.040 0.0784
4.2 0.314 0.221 0.182 0.157 0.127 0.109 0.0994 0.0910 0.040 0.0784
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Fig. C.9. Crossflow over Staggered Tube or Rod Bundle

Table C.7 Coef ficient "m" for Square Array (Fig. C.8)

P -D P -D
T T

" "
P -D P -D

0.1 1.2 -0.139
0.2 1.6 -0.078
0.4 2.0 -0.050
0.6 -0,2 2.4 -0.0347
0.8 2.8 -0.0255
1.0 3.2 -0.0195

3.6 -0.0154

4 .0 -0.0125

4.2 -0.0113

C .4.3 Triangalar (Staggered) and aundle

For flow across a staggered rod bundle, as shown in Fig. C .9, - Idelchik
[13] recommends the following correlation for loss coef ficient:

~

K = ( a Re * ) (n+1). (C.31)

i
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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 is a
function of pitch to diameter ratios and is given in Table C.8.

C .5 SUDDEN ENLancm0Dff AND CONTRACTION

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

g hovAp = K (C.32a)

=K ## (C.32b)2 2 ,

where Kg and K2 are the pressure loss coefficients, and vg and v2 refer to the
velocity in the smaller and larger cross sections, respectively.

For abrupt expansion, the loss coefficient K is given by 'the expression
[15-16]

[ Afg
j, (C.33)

= 11 - ^2/
K

g
\

where Ag and A2 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 c of Eq. 6.3.

Homentum Control Volume
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Fig. C.10. Sudden Enlargement (Reference Velocity V )g
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Table C.8 Coef ficient "a" for Staggered Bundle (Fig. C 9)

P
i _.T,
'

- D) D(PT
I 1.2 1.4 1.6 1.8 2.2 2.6 3.0 3.4 3.8 4.2

(,L _.,/
;

0.14 6.578 5.733 4.889 4.044 3.20 3.20 3.20 3.20 3.20 3.20

0.2 6.448 5.636 4.824 4.012 3.20 '3.20 3.20 3.20 3.20 3.20
; 0.4 6.016 5.312 4.608 3.904 3.20 3.20 3.20 3.20 3.20 3.20
t

j 0.6 5.584 4.988 4.392 3.796 3.20 3.20 3.20 3.20 3.20 3.20

| 0.8 5.152 4.664 4.176 3.688 3.20 3.20- 3.20 3.20 3.20 3.20 :

1.0 4.720 4.340 3.960 3.580 3.20 3.20 3.20 3.20 3.20 3.20

1.2 4.288 4.016 3.744 3.472 3.20 3.20 3.20- 3.20 3.20 3.20
'

1.6 3.424 3.368 3.312 3.256 3.20 3.20 3.20 3.20 3.20 3.20 $ ;

1.7 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20 3.20

1.8 3.43 3.43 3.43 3.43 3.43 3.43- 3.43 3.43 3.43 3.43
i 2.0 3.96 3.96 3.96 3.96 3.96 3'.96 3.96 3.96 '3.96 3.96
i 2.4 5.06 5.06

'

5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 i

|

| 2.8 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34

3.2 7.70 7.70 7.70 7.70 7.70 7.70 7.70 7.70 7.70 7.70

3.6 9.32 9.32 9.32 9.32 9.32 9.32' 9.32 9.32 9.32 9.324

1
'

4.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0

4 .4 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 i
; i

4.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 -14.7 14.7 ;

5 .2 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9

|
'

1

i

i
-

.. __ , _ . _ _ , . . - . . - - - - _ , - - _ . . _ _ - - - - _ --, . . _ ___ ___
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If the abrupt expc.nsion is modeled as shown in Fig. C.ll, the reference
velocity used in COMMIX to evaluate pressure drop now corresponds to the
velocity in the larger cross-section. Therefore, we have to use Eq . C .32b
with the loss coefficient K . given by2

2
[A2

= l - - 1)IK (C.34).

2 (1 )

For abrupt contraction, as shown in Figs. c.12 and C.13, the values of
loss coefficient [17] are presented in Table C.9.

Homentum Control Volume

.

///////////////I'/ / //'

/ / |
I to

4 - V 4 A 2
I t

o i I

fff.ffff f i

Fig. C.ll. Sudden Enlargement (Reference Velocity V )2

Table C.9 Loss Coefficient for Sudden Contraction [17]

A /A C K Kg 2 c 1 2

0 .1 0.624 0.363 36.3

0.2 0.632 0.339 8.475

0.3 0.643 0.308 3.422
I 0.4 0.659 0.268 1.675

0.5 0.681 0.219 0.876

0.6 0.712 0.164 0.456

0.7 0.755 0.105 0.214

0.8 0.813 0.053 0.083

0.9 0.892 0.015 0.019

1.0 1.0 0 0

. _ _ . -_ . , . _ _ . _ .
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Fig. C.12. Sudden Contraction (Reference Velocity Vg)
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Fig. C.13. Sudden Contraction (Reference Velocity V )2
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C.6 VENTURI NDEZLE AND ORIFICE

C.6.1 Venturi

For Venturi, we define the pressure loss as

EPto,, = Kg pv (C.35a)

=K ## (C.35b),
2 2

where Kg .and K2 are the loss coef ficients in reference 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.)2[/ 1 }
~

1

I [2/
| (C.36)

_ (q - 1
|K j=

g

( C jy_

and

\(A \ -I[12
1 1 (C.37)K L- I=

l
-

,
2

.k^1/ . (C /
where the velocity coefficient c is a function of Reynolds number (pv DMy g

(Table C.10). The Reynolds number in Table C.10 is based on velocity and
diameter of smaller cross-sections.

Table C.10 Velocity Coefficient c, for Venturi [18]

LogioRe cy

3.2 0.9

3.5 0.925

4 .0 0.950

4.5 0.966

5.0 0.977

5.5 0.985
,

6.0 0.989

6.5 0.992



168
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Fig. C.14. Venturi in a Momentum Control Volume
(Reference Velocity Vg)
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C.6.2 Nozzle and Orifice

For a nozzle and orifice, as shown in Figs. C.16 and C.17, we express the
pressure loss as:

Ap = K hov (C.38),

where
2

= - j 2' \IA1
(C.39)K I .

C (^1/

Here, the discharge coefficient C is a function of area ratio and Reynolds
number. The curves for the discharge coefficient of German (VDI) standard
nozzles and orifice are given in Figs. C.18 and C.19.

Homentum' Control VolumeNozzle
/

\\2\\\\\h\\ \\h\%}\%D\\\\\
; / 4

t , s
I o

I
I

EM\\MN\ \\\\\MMMM\'

Fig. C.16. Nozzle in a Momentum Control Volume

Orifice Homentum Control Volume,

/
NMM NNNN\ M NM M N N \, \ W W MN

'

I / ii,

t i,

f^2 4 V A
l;

'
I i

,is ,
.. .

AM NNN\ M,MM M \\ W \ M N MN
-

Fig. C.17. Orifice in a Momentum Control Volume
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C .7 seassRGRD BODY

The pressure loss due to a submerged object, as shown in Fig . C.20, is
given.by

A
Ap=C (C.40).

D
o

Here, A is the projected area of a submerged object, A is the flow area, andp n
C , the drag coeffeient, is a function of Reynolds number based on velocity vD
and object diameter D. Figure C.21 gives the variation of CD with Reynolds
number for a few common shapes.

Homentum Control Volume
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Fig. C.20. Submerged Object in a Momentum Control Volume
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Fig. C.21. Drag Coef ficient for Conuson Shapes [17]
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C.8 POROUS MEDIIM

For a packing material deposited at random, as shown in Fig. C.22,
Idelchik [13] has recommended the following correlatio:

Ap = K pv (C.41),

where

K=
~ ~

* + +1
4.2 0.45 Re

(0.45)1/2 Re /2 ,

l3 _

1 255 (1 - A)A + 34.21 (1 - A)1/2
-3.7 -3.95 -

y + g ,$3 ("2 Re * *

Re /2 A
1 4.2

- -

and,

A = length of porous section,

d - average diameter of solid in porous region,

A = porosity (free volume fraction) in the porous region, and
Re = Pvd/p.

C.9 STRAICHT DUCT

For flow through a duct, Fig. C.23, the pressure loss is expressed as

ap = pv f. (C.43)

Homentum Control Volume
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Fig. C.22. Porous Medium in a Momentum Control Volume
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Fig. C.23. Straight Duct in a Momentum Control Volume

Here, L is the length of control volume, dh is the hydraulic diameter, and the
friction factor f is a function of Reynolds number.

e Laminar Flow

For a circular duct, the fully developed friction factor is given by

| f= (C.44).

The fully developed friction factor for a family of rectangular
ducts extending from a square to flow between parallel plates is plotted in
Fig . C .24 '. Similarly, in Figs. C.25 and C.26, the friction factor for flow
between concentric annuli and a family of circular annular sectors are
presented,

o Turbulent Flow

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

f = 0.3164 (C.45)0.25
Re

Here,

Re = pv d * *h

- ___
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C.10 PIPE FITTINGS

The pressure loss due to pipe fitting is expressed as

(C.47)Ap = K pv .

A summary of representative head loss coefficients K for typical fittings,
published by Crane Company (21] is given in Table C.11.;

Table C.11 Head Loss Coefficients K for Various Fittings

Fitting K

Clobe valve (fully open) 10.0

Angle valve (fully open) 5.0

Swing check valve (fully open) 2.5
'

Cate valve (fully open) 0.19

Close return bend 2.2

Standard tee 1.8'

Standard elbow 0.9

Meditan sweep elbow 0.75'

Long sweep elbow 0.60

C.11 CONCLUDING REMARKS

We have presented here a set of pressure loss correlations only for
geometrical situations that we feel a 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,

I we recommend Re f s . 13, 21, and 22.

If experimental measurements are available for the geometry under consid-
eration, then it is preferable to use those data rather than a correlation
from the literature.

i

The time spent in writing this appendix will be considered well spent if
the appendix

e Saves the user time in searching the literature,

o Prevents the user f rom getting confused with su many dif ferent types
and forms of possible correlations, and

. o Serves as a starting reference.

!
'
,

!
1

I
. , , _ . _ _ . . _ . _ _ _ _ _ _ . . _ _ ~__ _ . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _. .
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APPE B 1X D. SAMPLE FROBLEM 1.

MBERICAL DEFFUSION TEST

PURPOSE: To exemplify the skew-upwind differencing option.

PROBLEM DESCRIPTION: Two parallel fluid streams are uniformly flowing at a
45* angle to the grid. Fluid streams.are nonconducting
and at different temperatures.

Stream A: Temperature - 50*C
Velocity - 0.1 m/s

Stream B: Temperature - 150*C
Velocity - 0.1 m/s

Grid: 15 (x-direction)*15 (y-direction)*1 (z-direction).
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********* m . CDsSTANT K PLAME Ka 1 *** m e m **

J 1 -- > 11 12 13 14 15
15 1.03:3?t-81 1.00330E-81 1.C3332E-81 1.80030E-Cl 8.8CC33E+C0
14 1.SSC32E-St 1.033C3E-81 1.8303CE-81 1.C330 E-818.C33COE+C0i

| 13 1.83*3CE-01 1.03030E-81 1.00C30E-81 1.03000E-01 0.03333E +03
12 1.833:CE-81 1.8*03CE-81 1.8033CE-81 1.0C04*E-01 0.0333SE +C0

| 11 1.033C:t-81 1.C33COE-81 1.80300E-81 1.83030E-81 0.03C33E+00
' 13 1.00:30E-81 1.COC33E-01 1.C3C3CE-81 1.80003E-81 0.03SCOE+C0

9 1.83343E-81 1.803CCE-01 1.80330E-81 1.0043CE-81 0.0G330E+0S
S 1.C3203E-81 1.0COS3E-81 1.3*S3JE-81 1.803:0E-01 8.CC03*E *00
7 1.033;*E-01 1.83003E-01 1.CC230E-81 1.C330CE-81 0.000CCE*00
6 1.033*0E-01 1.000*3E-01 1.080*$E-01 1.80343E-01 8.003CCE+00
5 1.8C0CCE-SI 1.8303CE-81 1.0C00CE-81 1.C3003E-81 0.0003;E*C3
4 1.C32*CE-81 1.C3:3 *E-01 1.0CC20E-81 1.tG3CCE-01 0.00002E +33

. 3 1.80C00E-81 1.0CC33E-81 1.CC3:31-81 1.CCSCCE-01 0.0C000E*C3
| 2 1.8 33CE-81 1.0COCOE-81 1.CJCOCE-01 1.C334CE-81 0.C CCCE +03

1 1.8C32 E-81 1.83000E-81 1.83:33E-81 1.80000E-818.COCCCE*00
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NL IJ451 * ENTMALM AT TIMES 2.4C3E*C2 SEC3CS

.** m * CCNSTANT E PLATE Ks 1 m * m *****

J I-- > 1 2 3 4 5 6 7 8 9 to p.
15 1.54253E *C6 1.54250E * C6 1.542511.C6 1. 54256E +t6 1. 54279E +C6 1.54359 E + 06 1.54582E + 06 1.55097E + t6 1.56119E +C6 1.573!5E + 06 00

| 14 1.54253E +C6 1. 5425CE *06 1.54253E + 06 1. 54267E *06 1. 54 327E * 06 1. 54512E * 36 1. 54934E + C6 1.55912E * 06 1.57722E * C6 1. 6 C63*E + C6 ND
i 13 1.54253E+C6 1. 54251E* 6 1.54258E * C6 1.54292E +C6 1. 54421E +C6 1.5479CE *C6 1.55650E *C6 1.57314E *C6 1.60C66E+C6 1.6403%E *C6
! L2 1.54250E *C6 1.54252E *06 1.54069E C6 1.543491.C6 1.5462SE *06 1.5533CE*C6 1.56323E+C6 1.59463E *C6 1.63422E *06 1.68612E +06

11 1.5425 E *C6 1.54257E*C6 1.54299E*C6 1.5443CE *C6 1.55033E **4 1.56333E* S6 1.5SS17E *C6 1.62743E *C6 1.63359E *C6 1.7435E E *06
13 1.54251E * 06 1.54263E+06 1.54372E+06 1.5476tE *06 1.55351E *C6 1. 58129E +C6 1.61935E *C6 1.67426E *06 1.74009E *06 1.83999E *C6
9 1. 54254E *C6 1.543*0E *C6 1.54547E C6 1.55 334E +C6 1.57;C21 36 1.61135E+06 1.66692E *C6 1.734 31E *C6 1.EC999E +C6 1.87939E *C6
2 1. 54:62E +C6 1.54 33 %E +Cm 1.5495SE * C6 1. 56646E *C6 1.60176E* 6 1.6 5327E *06 1.73114E *C6 1.83 399E *C6 1.ES397E + 06 1.945721 *C6
7 1.5423'E +C6 1.546C5E C6 1.55235E *C6 1.59215t*C6 1.6473 3E +C6 1. 72515E+C6 1.20199E*C6 1.82335E *C6 1.95337E *C6 2.00013E* C6
6 1.5436CE +26 1.55167E *06 1.57333E +C4 1.63517E +C6 1.71755E *C6 1.EC999E *C6 1.89434E +C6 1.96172E *C6 2.0C164E + C6 2. 0337CE *C6
5 1.54503E* 6 1.56562E*C6 1.61919E+C6 1.70753E+36 1.31330E+C6 1.93244E*06 1.9721CE+06 2.01323E *C6 2.C4597E +C6 2.C6140E+C6
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APPEIS11 E. ~ SAMPLE PROBLEN 2.

TUD-EQG& TION k-c TURBULENCE BODELIIIG TEST
4

i
i PURPOSE: To exemplify the two-equation turbulence model option.

,

j PROBLEM DESCRIPTION: Developing flow in the inlet region of a straight
circular pipe.

. |
t

i Inlet velocity: 100 m/s ;
"

Temperature: Isothermal flow i
Reynolds number: 3.38 x 105;

Geometry: 0.25 m diameter !

12.5 m long

:

Crid: 10 (r-direction)*1 (0-direction)*50 (z-direction)*

!-

i .

i

l'

i

v

:
,

t

!

i

i
.

I

1

l

i

.

!

(

_ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _



n-

.........................................................

.........................................................

...... ......

.... ....

... ...

... C0MMIX-18 ..=

... ...

... THE THREE-DIMENSI0 rut TRAt:SIENT SItGLE-PHASE ...

CorfuTER FROGRAM TOR THERMAL H'tDRAULIC AtutVSIS... ...
... OF SI!:GLE AfD ttJLTICQtP34HT SYSTEtts ...
... ...
... DEVELOM D I:t THE ...
... ...

ANALYTICAL THEPrul H)CRAULIC RESEA*CH PRCORArt... ...
... CatPONENTS TECHt:0LCGf 01vi5104 ...
*.* ARJTUE NATIClut LACCoATCRY ...
... ...
... ...
... Version 3.0 Septe. tee 30. 1955 ...
... ...
.... ....
...... ......
.........................................................
......................................................... p.

c.. ..
N.. ..

.........................................................

.........................................................

...... ......

.... ....

... ...

... ...

H0YICE ...**.
... ...

The contents of the CD?tlX co.puter proyas.... ...
.wi the calculated output of CCfMIX are for.*. ...
u:e by thsted State: Nuclear RcyJlatory... ...
Co.asssico Of fice of thn: lear Reyalatory... ...
Research preyike partscitants only. T1e ......

right to u:e soforL1 tion origanating f.en the... ...

re:43rch w,rk of LG;PC preyam et leesiteJ to ......

persons ar'd undert; kings specaf acalIy giv(n... ...

thss rsght by t12 U2?"tt. Therefore. ti.)... ...
.a. CC21:X caputer proyIn tnd the c r. tent s of ...

ets output :fruld not te disclo ed ta <tlers*.. ...
ante:s u stten perna: tion to da as ha: L& n ......

cLtained from the tyreFriste LCCC of f aca.... ...
... ...
.... ....
....e. ...s..
................................. 3=..... ...............
.....................u.... .......... m ...............



_ _ _ _ _ _ _. __ . _ _ _ _ _ _ _ _ _

193

.
e
e
3

: *
e
O
9
e

*e-
CD
C3
O
63

.

M
.
Q 6

-

in
93
c)
M

e'%
e * = = +

'

C3 in
w e we- w

g .s .T.Ew .44p,

. 5 *4 C 2"
'l' De h .* 6e, E tas

9= K
M had CO taa a tes -
( f.4 - E >* D= Z~gg.-m.

,422 v
e -n~2:
1. .1 "e p3 ,.Eha. - ra M . .

-
M G. TJ e D'

.G mp8qS -e.nn b
"

m - - nnn
(L a g eee= * *

M k$m -O-- O

"E
* % 8 t,

. a. Mo
.

*' . ') *
. .

... eu .* . - - .p . . eg a o me e. ** ** *
y e 3g 3u V

m) 83 O O
* ** * n . - 6x w N to

D. C4 e
et

i ** O
O N * **

es em en om e e a e ** * c3 e
fJ $

cy g3 se e a
P . g s1

*= ** e. O
* * . ** rd y1 5

) en O en
.s.

es PJ * *. * 2 m* rd** u er) M O O ED O in - f i ** *

e-
*(,

* f5 93 e ** C3 6 6 ** rd u d c3 O*= ( rd ** O e ****e+ - *= eJ et et
sW1 had 4. e 0 e * ** *W 3|" Q

6 +

1. 2, eds .e .a .e en. ,O, O. es.
, .n. T', - n B

s *= P4 e4

. n . . . .. --.- .e
.

, , . .
- P.C- -

. . - o. o- .w u :s

M !, ,.,. in, 0....
a. a,, "

. . R . .n, .. . . n
** n_, ,, 1" . - - .. ra a a n a- .

. . w .

. .. .. ~ .. -

.: E. U., o.
~ , - a.** *~~~~* * * * * *

C 0 ' .:. J J :r U, U" <; M.
'

0.

g,,, a...-.. < .... r
d . ' ' ';* E . n..2 .g g3 b. n 5 g.

.
6... :2.y x - . , ,

,, ... - . - - - g .. .

,E A S g. "x 6 h t55Ma n .d E*n9O '

9 a.e i., . e.a esao--.c -uuuo -z ---.
-

.i o - W ,. on ee
.4 n

-x - -----** ad ee i 6 se
% $ $5 W h 8
9

e.
440
>=
4
sa
9
e
O
e
4
e
9
e

.I

_ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ . _ __ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _



194

** N M e art e es so em e.s ** eJ M +* ef% 4 N. g <* e.g ** e4O
e e= om e e e= e* e e Nge

.

e= e= en e= en en e= e= en e= = e= == ee e= e= e- - - es em
. O es e o, e e o e o e e es a.s o e e o o as es o ese e s e e e e a e o e 4 e e e e e e o e

nee end w nee w tea w w has w w w tas w w saa tas w ese ese nas w. O sa cm e s n a ta es to o n es e a sa ega o o o es a si sa as n o o o e,o e a es u ta es u a e oT u e2es4seeocaesn
* O o N c3 a.s ca es es cm es as ca o .2 s.s as ss as e o a* u es sa o o, c - en a o o es em cs es en o o en es c: o cm es o es u o o o n

hae B* cs a Q Es As 4J Cs to SJ en FJ *1 ED es 41 F1 F 3 43 (J P4 4 e rd** - W o Q 43 L9 SJ O o il u O C3 4 o O O e3 E3 Cs ti e 3 As 44 8.a

") N "!")N #!N N ")*!"}"!"!N"!"IM"I"I*!"Oes - a e a
o u e* O en N f4 e4 N N ed ed ed e f f J fd ed ed ta eJ f 4 f J ed e4 ed ra edes w o et
O me dC. .d 98

M*
W *E ed E w

.d .d
> w es. IT M

*= e= o= ** cs e o e es e es n es e n es es n es es .es et# .J O w . .

es e es es o as e as e4 o u as es u o. a sa o un u .e osQ tea Z ee dg
M.a nae n.a

e e e o e e e e e e e e e e e ***e +
- - O maa I e4 .J s w naa w nas w nas w 6.a w naa w e o w tes 6 e ..a 64..a sea ene

** M .d >= *E
u es o u o o e9 e2 e J we e e o ta s..s o es es en 53 rs a e. ei

osmuG -
. n o rs sa o es c a ta o u as es s3 o si o ce o e,s es se

. >= Q u .4.e
w D O N n en o ca o ea o o . > u a es u n e o e a u es, e a ea.sso es o ci o es c2 = 4 e a ci es, e e r* rs o o o e, rs o, e . esi.* Q .c >-

tai g >= w rs es ss es es, e wi p w) ri in v
4. r=. ra. r . *. n. e. ao. . m. e. .% 0, s t w i in en w'

.# vi it) w w9 g

b Q :"e
'4 @8 .P O f J b v 3 P4f4P+fJP

II ef4 Wi tf a. . e = w es. e' | P < 9' ' f a. e y 8 %. e'. n.
P% N P4 Es- > P- w . . . m.*W g en# o. 4 og f >= .

M w *1 - U *= M e e3 ** ** - *= N N N N s*l M M srs + v ( 4 et) eriN 4 MsE en.e
far, D. d f t tgem w aa e

G > J 6es O M
a

tae edR ese n d I w tee
3-ws-Q

.

.N.... = ,c,m- -
. < -- .

= - . e
D* a s'* tes

- W u*
- w - S. o
4 3 w0 .MuwuS .m 3 4,

a
- .. a

,J.- af is >= e.dx zwwu M8 .A e -
f

w .
~~M-M- JM g 4

4$ a..
- .
.* . >- p
n e n

.- - w o
- m e

S. 5 ==
- 4

g wW. on > -

g ~. 5 4k 5 *~
_

. . - . ,

8" C 5-
w9 5 5 ~w . mw

.
aa
- a a.,. . . -

< a we a.

w d. ee . au a w u . ,z - .

.
<- .

Cs ~e 2r Wi

O w. #.- . . - .e. n ea rsenese,eoenenerese . ae = > - 1: .e .

.O
>= u MM m*

- w .O L.J, u,m es e.J e.8 e. u. e.s u, a,s 44.4
- .< >. - e w w

** E W -d, 5m Bb 5- >= e me w
o o, m . . n o. . t.s tas 6.a
tas w w w w w w

= - - .w- W w e. m., o.
o m e.

wWw . o
e .a

55 -
w no no .

o. n . n e . n ...u,,.,., . s . e. e . o .,s , s .s. oW v. w ,- . x. o- x -~ , ,

. n, o, , .n o . . .. ot
:f w

~~
s , E 5 . . es

C. Lm, J. 4. N. ,.) h, t, J. .,]
.- Wa= ww .

5 - s_9,xx
,

e w 2 w . - .
. . . ., .w

-
g g -ws , gg y m . .gggw- . - ----------

Q
, ,

8e = <wn-- ao
$~=$4

r w - -

8 5 *
M,Ww.* W e135

*

6 6 @s. w u
v. x> - - e . ,l e N e, c , - -3

. .a. da,u,.,J. n.
w . m

w . w w . ~ ua m d ww -= m m
. -

.s 4 -4 . .

u n, e , w , w nn .,u,s...,c,.
ww x w -w--

n. www
a.4

-

e. .s e s e s c,e o,, e, o o . , u,
. . ,x v w o. ,s, ,

d > 89 es e ** na * e M es a g xW u .o s . . L, g,,., o,, 4., .3,
ow or m wwn n ef .= 5 B .o e.f c. -

c, ,

.n, 0 s , o s , ,, , 6.., ,,.
- w n e
4 -

.. E $ !! g pta .a .*? . " " g" a n .,

u
n. d e n o m e .a e e. .

.
~~. . o. . d e . o. , 4 3
- w w

_,
ta. se op M es e= ge ,g g

440

Y' )M .4. - - -
. u a - -
e un u se



_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _

195

L

|

41 C9 d't O
n.h to U u
e o e e

k tee tad tas W
K 4 * t.* * a o
M s3 r3 re as

1 e u CJ ed

M 4 tS d N E9 {4 #9 ** P$ M f to eh *** M im S ** N M f tM to Ps e@ d5k 6 49 e sh 43N N ed Od N fd rd M M P1 M M M PS M P1 M t d W W W W W f d 4 un
e et 79 f.9
u na es as
e o e e

N <> n ,, s1sN Ywoewwwwwwwwwwwwwwwwwwwewwwww s
o. o. o o, o o o. o. o. o. o. o. o. s.3 =. e. o. o. o. o. o. o. o. o. o. o. o m. r. o

e e e e w o u en. c3ene w tas w tas one t # tad W taf tas tad tee tad tes ene tea tee nas tea tee tas had tea ene ens tas had >= +
O O O O O sa (3 O d3 O Cp Q O O O O Ea O 63 O O 4.2 t3 t1 O f3 C3 O $$ E3 o o
43 O L3 O e3 C3 CJ r3 f3 43 u EP t3 O C3 r3 o c3 u as #3 E3 o c3 et C3 es e3
O O O CD 63 O O CS (1 O O f1 CJ O O C3 O t'D E3 43 63 r3 O C3 t.3 O EJ t3 7

u c1 (3 O r3 O u 3 43 O 43 O 83 83 t142 U C3 PS a.3 u ss 53 es o a3 d.3 g3 43
O O O A3 O O O O O Q r$ CJ e Q C3 C3 43 E3 O O O 43 F3 O 63 t3 si o 6 f.4 G f9e 4 3 63 G
QOOC 3 C3 O O s3 43 C3 (J 83 43 CD o o o C3 o 43 43 O O G E4 s 3 O M e o e *
as) wT. e) en, e tA tr) en, ei, w) in el en an m) di 4A, en, en. en en. to to e s) to en w) est O tee e.4 6.e nas

e , e e . e e e e e e e e a . e e e og g3 e e g3 gs

N N N ed ed N Pd N fd N ed N ed Pd ed ed N N re ed N N ed Pd ed N Pd ed 03 ** aN a.s et e s e *:s e s, es. =. o. e

m en o o
e e O c3 43 ES (129 6 O f5 49 O O et e et f5 ** ** a= em se se e= w we em
ouuancsomaaneooooooomemoeomeo n es e9 n a e** e * ** e * * e e * * * * * * * * * *e e * * * * * e CD 41 ta se I ! ** Ftee nas tee ene tme tad tee nas tea tad tad has see tea tee ens one tas nas nas see tas tes see tse ens tse tad ** * *

y b e s.
*

a p r3 n u o et a n c e3 ta n O u a a n n es a n o ep o e # a o 6.e t.a u ts e,
s3 as e3 e3 o o u o o c3 o c3 e c3 o r3 o o sa c3 es se u n es o r3 es u o u ** see .O O c3 44 43 O O O O LJ G G Q 43 O CJ Q 4.3 43 C3 CJ E& $3 43 Q C3 n.$ #3 43#9e4e9 W 44.s
O c3 f 3 O n's Q O O F9 SJ C3 89 O e3 t3 g3 O s.3 y g en en e) wtefteAwitA 43 g g 43 ene we s a
tn th W D ep e nn en u) W4 tA gn w4 in eA en en er) en y J 7% e4 N % rd N N N 3 + = . *

N rd % O es (j Pm ed 6 f J N f'd N (d e%** as4 d P1 mi d .1 e et O E3 e #3rd N
M d a0. g art w eg *= M d 3, ** M inn. e0. e. o. u. sp ** ** *- ** N N,4, ei3 e

_

e s a e e e e e e e e e o e e e
en en d 4 e d PS P't P= P= 4 W W 40 e sh at et ** ** ** ** ** ** ** ** ** ** # et ''S 89 e m ** I

o to u e.s
te e e o e j
ta tne tw a e 6 4
e4 p as sa u

(3 e p 8 3 t'3)
64. rd. e3. ce

pe f 6 j

m of et
:s ty

.

l

**8"**w

& , ?e '
1

99 #3 et et asa .et O

4J * * te es og me *e I

WWMd * * * *

M.4
.ae 4,s av 'w

fT #9 e O t to t'e f1 e i
t3 O 11 O ts 4.b+seee#
63 41 e 3 43 4 $$ u 6,e F3

GJ G.9. ("d tt * *
O F3 **E

O * - * e ta e eswwoe
tea fd #1 fi e1
|p *t 89 89 89 si 4.5 e.t E3 # 08 r

Le *+e g e 4 t.e49 es e es te ese e.e 6.e 6 4 ..

, ts (D t') O (J tse#6a4s he e* * =
f C3 4J (J 49 ed 4189f149 D* f 6 pp

e. 43. GD. $3 F1 M. u. rd. g 3 em 6 $De
;p a 64 og we

89 $$ e O ** 25 W W
'

k. P*

* e4 .me M M M s=****** i

"J''
3 es e as 43 e9 49 et

f9 #9 89 99 .. O e * e)

u ,.e.a . a.,.

n e, O .o, g
!.

no 4., a, o ..o

. * ***
. eed 4 8 * 8 r3 t 9SS e.4 em 69

D*
si. d a ti.t W e.. . e e e. e,

o e ed ed N N >-
O.e.s. r,at
f,' Ed

e t.i taw .A.
m +- es e3 e es

to. 2
t! a . ., .a. .x,

. i. * - -
a.

t.a.,
.ee .I

B te. e
w ts , .....
ed

GM . .w +- . * . .M e .W e,

-

=.a u te. '9 a == = + m.t >

p' . g L.<, et
m

- - N M ., 4.,*
e ..e

li.: S- B - en. - .,. 6.
t.4 .a, = .ng -. . .

.
E

- 555% t "U"O "."
| "WE #.. # #2

.'jy$y
. .

. .

t., se, M ' 8 #. rf P-. 4: ,..W . u , y.
M p e p *% est em es *= ej M .* wm .a N e se es s= ej M # e we en e em es . s . as ** t A M W * , j.f d v d 9 d e d ed f d 0 e et M P, r9 M fr1 P p **1 ea F1 e # 4 f f d d d 4 d W e . e 66 g a

! 3 L
lk

,
ee e

a

. . _ _ ,__



- _ _ _ _ - _ _ _ -

,

!

l i

196
L

{

I

1

1

I
.-.n., v

| .* v v v y
M r:n:. : i

NNN.N..i
; ..

j ..;.3 .

: ,u~~.
E1...cr,t,.t

I d uhh> w v .u.

3000 :
J. *, a .',
naun.. W 's' ti::s ,g eada

,

*

1""""
..,

hS55] Anp
23552 gy@@@y i

U"'

:nnnnn 1

p:300u "O~ i....,

*h hhh i
#*

una i.. ..
- n- sei

-.C.C.C.C. '.|'
tEm RC- 8w24 *~ ~ ~ * .A ...

pt :: 1
' a5

Janam::: : :: i' d !!
i

-.--. 244444 : a Uda |:: : n 4

E : b
. . . . . . m O C:::;~;;

- e :: cess u ss.a.5 9 Caeaaa 50 ::;t:Mj r,
a c. . . . c.. . . .

e:L:j s . eu 0 g ~b nnn s,w
cu -= s ucauu ;

3 a mn, E ss.u s. <

3 ...,., -
: ,, vnvy c e----- g--..

89
...

"' 3 j nnnnn s ., ng ' e? $
t' .M- M

h; u
..

s@im;d hB d
I

:: nnu - Ag

! ---- e 3::::::::::.n gM---- :: u ::.... ,- : un n :s t

enE- - snnu::;:r-.. . u . .

: : :--

Ev. i
4

. .:ns eM= n .. .,. s m , 4
,, : ::u. n. a.

- .

y *o u u --- . , . .
: [ n~mnE *~~* - E, -se ,,...

s ens e E:= n D, Bc n::e!.
e u.---. u y n., e

e s r g =en n. .-

= e. : p *.:.:. f e sanan :: ec :; ca a4-~.n" h, fo0 M U a t.a a a **T 4 ERX$1 ':|8 -.....

y n,n s [ I, ,22:En p#- eem B
s ...e.a nnn . a m : :: e -

.~4 * * * ", n Uw3Ju - t --
n:- t y g sasas. u.- . -w --- . u -g 2 *

3 01:.* ;,, ||1 p h,..... e * - . . u
:: * O t 4 ii . Y un caw

ggt U U l'' e.p-.O h" nC re gDU4UU U' E . T"W * 1 p e n ,. ..

. . > Q ,,,, , r.: 0
iln- . a. .a. a. .a. n v- 3

~ "
c-

,n,p r. u. g u. u. u.- B .

a -

W" h. ." ." "
-

gj gnee*m 3, tc .
I* : l' : a " A.-

| q: ;! h .A
w

. jou . 4 . . .
w t: y-.. h !j . a

, ,
e , w 3 s. .. a.*f IH e: d - '

p g w .. ~ e . g.

4 8 d.t. i n *
s. :. u

,

I

i

i

l
t

. - - _-- - . - . - - - - _ _ . - . . - - , - ___.n__,,__-..-.-_.,.._,.,---__ - - - - - . .



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ --- ___

197
1

. e .e

w w w - w w u . . w o .. .. . . . . . . .
.

- -
. . . - --
. . .

. . . .
.; . ., m, , , , , , , ,

an.a- t uv u
n ,. .u.,u u u u u u u._u.u u ::n.

.
- **

n. . . ~~ -~

! =dc $333 [ 3 999*=aaa=Mua*=a=
wwww . ~ . .,...,4-m . - , ,

; p*,gggg a g m a m m m m m ., m m .,, m e n ., n

. Ew .,n a .n a . - .. .- ,- . .. wo
. -- -.. -

og
. -

o .
... .. ~.wwwwwi...ww..o . . . . . . ...Neem g w wi ww.

3 at . , , .u. u.,. u, ., , r u. , , u u u u .u.uu u u u .,u u. .
.

i . . ! -

I
4. , , , ., , .. ..m.,,,,,

3 C 3 ".""."""""**".***'.*""*tw ---=
==== Mg

Or- 3 g mmmmmmmmmmmmmm,n
* . wwww .

. . . . .. - - . .. . . . . - .. -e memn . ...gas ge-aa . . . . .. . . .. . .

8 3 .n 'E w eC53*L * EnH
. e.

.. M N n .% n. n.M n '% n. n. M t:tween.a T.a >w u , , < < = .
I.

nn..~....,... . . . ~ .
.

. . .

e. .a. .e,
e m ., .a m m ., m m

, u,
mem ,.. - .

m m M m .,. .a. es. o. u. u. es. es ed. u. .a
,

9 NNN# .ug .
# 4 M ., e m .'. 4 4 1 m .1.; ,

. . - - ~ . . . . . . . .. e. Wee # e.e .,* e . e.
. )e

w w w w w . .=
.

k .
e e . . . . . . e *.n,.p u. o. .s

n , ., . . e . .u.
w , . , w . , .. ,

* * * * - **
e s .s. ~o a.~.--..-m.... - . . . s . , s . . a . n .?. .c E wwww ou u ~

~ n w. ~ ~ .

t-
.- m o

3 e,. L. f mammmmmm.,.....4...,~,,4m..3. o. u w u o. t
-M I.. m...o .- w

. ... . u. o. . .. ..ou 32222 2- ! . . n n ,.mm ,ns e no . - ----
,- : . ~. .n5 NNN.a

. -

r, t --

-- .. . ,m o. .e. ., . ~..
u n u u .,- ~, m :y . * . . ... u u u" u " . -***ww-... ..

.. . .. . . . . ... . . .

E ! ** * ***** * . * awnn * 3 MUM ~ *

. ,, . ., u. u u u. , , ~. ~., .u. u. u.

ok.oou .t $74
.M .,,- .a u u o, ...~.~n..... . . . . . . . . .

o . .

m m m m m m m m m m .. ..... .... .. M .o .n o . . ... . o. .. m m .,. ,.m,
3

.... . ..
. . .

w ww
. eou u .n. . , . . . .ww- o

e.4 a.a # .- ..~. . .
.,

T. 4Vw e .a .e., o .#
4 . . . . . . . . .ee .-= .

4, .d t s O.e
_ a .e ., e . . e . . ,

w .s I .w. w.e .w. .w. w. w, e s . . u . ...4....*.N tm *8 *. o > > - ww
g 3. C D. e. .s. d. n,

g,

e ,e, . e . w-i .<*u. ..

m...,.,....,...~.~... , . . ~ . . . . . ,. , . .
. ,eee g3 d . . . - . . . . . . .

- .. w ~.-d o=. == w . oo nouuno* w. w
8

m m 4 4 4 A A A., ,& W,,4n . . .

! a. . n a.. 8 t. y,
- - ~ . - ~ . ~ . ~ . - . -

S. * S 3
~. ~...
w w w

. - . .,. ,...
. . , . .

. . . . . . .

XM o. M. 2
~. .

u, wwww
.!

u....o ~ ..o.n . .........
- . - . . . . -

r. M o .* a < ~ - ~ , . , ~ - , _ - , . , ~ , . , ,C a
. pon o

8 3 y G g g =. U. ! J. a = a a aeta v a " a.",im m e.",
"*".

w - . . o mmmmmmmmmen.I e me se cf es ~e..e. te ,

# % . . . . ..
.. . . .,. ..

,-
. , . ..

i . .
. g w y w w p. w .. . . . . m .a

m - - u. u.1 u. p .g!u u. u u u u ..
* p.

-$" M.h .. , ,
.: 1 5 3. , a n ..

o .$ ! n.e.m.~.,..,,.n.u n.n.o u n..e. n um. . n. o.
. .

. . .m .e em,u .,,I 3$ wwww w. > .s .. . . .. I g s. ..nuM w.
. .

. p. menemmmmmmmm m ,a. w va
e- u.162 *

n
p . M t.*

** l' *6 *t .* 4 . . . . . . - . . . . . ~ - . . _g n o. n. o.
o u

i . .I. . a. m.
. .. o ....... . . . . . . . , .. . . . .i o ..

w < .. e
,

> > .s w

N
.o. M w. w* w. w w ., v ,

r .., . . ,=w o*,..o ., e as e ..
si w n .o o n ..

4..*.* .- - ..... f1 g . >* . .*
i,-. .~4.. ,- - ~ . ---

w o. n Y $.
o o

m. m m. m m .~ m m .w ~ ~. n.
~,..,

a u.umaaw ooow ..
>4 w .

.I#}
i w *

* .. n
6 = O n e,5

5*5 4 W .3 4 A ,4., A ,4 m 6.. m W .; .,et .9 9 9 44 D t.
i

.a.

..t.,!! p* =. =. w. n. . ~ , . . . . - . - - - . .

5 5,. .w et M ,

5
r..e .n - .-. . - . . .s . . . . . .Uu Lwd 2

.e . en www ..... . . . . .

E. n L.e.
e # w *. u w

.-- --
wi,...$e ein....w.-

2 es . w Mw
,. w v. w n .. 6 ----.4,---.~.,.,.....,..*.n...e .o.3 s.v. ..

N ,o, =n o.2 Le . .,e
. e

+. . . . - . . * .., 4 .u <..

w e n ea.
m m- m. ... ,,,- .- ,w -w w ,

..n. E na
.e . ..

b'.
UUmg la h o m m m .a 4 4+ (,

. . a t - e u u w e n o u .. u idOWG Y
' mMNMM.4MmM., mmm M$3 II

a
i, y is .3,.

p. i

, m ,. , i, o
it 6f/9e < . 1 ii .g y .ap >

A .' > w I

t Uk %.(
6 .K .>'T. *

s.
W

o -

.!.
>

*E **NmW L
G"

5

< .4 h eg mg
'

i
. m -,

<

: : h i h : ,. y e. .,. s Pa- a,r. 0.,9 f f - e,, ** a. &~.ae t,
,1

..
i,.

.
1

d

I

*

h

|

. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _



" s-e -n .. - - - . - r,- m ~ ann " .w - ~ - - . - - - - . - _a .. .n-. ~-

198

|
|

l

|

l

- em .m - - es - em - - es ce se es ee - - se - en es em os o. es se em . .* - en M n en n e e9 a n n n ** e9 n es a M es M p5que se se en es ** es e* ee em se se ce em se se se se se to es em sus se se em ce em es es em om em g3 gg g3 g3 43 44 O 44 (3 a 3 e p 64 88 %J 48 e 8$ f1
9 0 $ 6 $ $ $ 0 $ $ D e 5 9 0 9 5 4 0 9 9 1 0 0 0 9 0 0 0 0 $ f f e e e e # * * * * * * * * * * * * e o

o n, u t .n, u o e , o * * e . o u M e,s ne .6ed W
,bas W 6ed god top tee tod

4.,*
agg see tad tap .gf

e, o. . . o.ha.d had. e,d ned te,f Lta,f .le,f tap 64f tee l.e,d taf. <lof 4.sp has e.f tne ta,d te.e tag Y' ta.e tap tai See t.4,tsJ 4e.f .ta.d .ted. T4 e f 444ha ne oee u, . u 4 u es n.e o ,s n,nooog9ee - e - Se se se ,,r,9e
e e., se e. se - - - o o e - - - ee - e, g

e o o o o o o e- o-e es se - - 90 --

e89 889 o9 mi o9 s89 M9 W9 489 F9 >9 e89 fr9 o9 e9 W9 oF9 e1 e89 *9 FW9 M es9 esq pq erg gs4 afiq p9 rdi og ei ei e.3 gg g.9 r) 0 $ f 14 # F1 ( D e # # 6 P'$ s.9 e 4 y $ e e g a e p g # # 6
,

em 98es es ce ce We ce suo se em se se se se een em can ce se ao se ce em se se se em 9e e om en go g * 7 8 t a f e e 6 WD 4 3 4 %
* e. g3gg y g3p3e.3etapg9egf

W es. W. W. W. W. ES. S. W. W. 43. W. f3. ES. te. ed. W SS. te 89. Se. W. W. W. W. W. er. en. W. es. es. W. W. M. es. o. 63. GB. W. ta Et. to. e a. 43 49 4.s. ta. ed. u 43 4.8. to..
a - *

M P% #% $8% M E9 88% W1 E% 38% M 88% F% o% W% M 88% M P% M M M Wi M 88% P188I M P% M M 89 WI e' W W W W W W #8 SS S e4 %3 W W W 8% W Sif 80

em se a= se em sie ce se en se se se se em se se os es se es se em se em ao ** em se em se se en se af% W ft#9f3fte9F9etp1 W e9e1ES$3et M e9+5
es en en es em as en ese en e* es sue es es em en es es se se es es em se en e* em 98e* em em em se g && e.3 43 8 4 4A 44 S'S $$ die t # %.s e 4 at a) 6 4 4 S u %e
0 9 8 6 0 6 9 9 6 0 6 9 9 0 0 0 9 e e e 9 e t # 6 e t 0 0 0 4 0 0 4 e e e o e * * * * e e * *** * * *

tid tsf W tes taf taf tes Sqp 6es 6ed tef taf tef tap tes af be tes tee ts# tad tef tef tad had ted hef the led tad tef tai ted 460 tap tes ted tap med see W tog 6ad 6.# 6+4 41 r) # $ 6 9 eM e i G 9W W t.I g.s te# tee tee$$ $ 9 et 64 M et e 9 4 4 69 6 6 * 6M m3 49 ea se sJ63 0 5 6 3 4 3 87 4 ts s 9 S3 s a af 49 e 9 tJ 4 3 Se e-a el e3 e a W9 o tt y e) a $ st e )
pe ese se se ee - om em se se e Se om os es em se we se me se se sees em se en enem se omseceer) SS 49 69 d 9 () e3 t$ e t e t 8 8 e"9 * A $9 ($ (tesg)f9 }
em p* see se es aus se se se se em se es sus ee cuppe sus se se se ** es em em se eo ** en es es en me $ 4 p g & O g.t 4 4 6 9 9 9 59 4 3 4 3 F9 st 3 4 9 g 3 9 e e 4 5 65
M e89 op9 sp9 e4 sp% p9 M est W'% p4 pi o9 e op% ewg es9 p9 o9 es9 e9 edt ef9 M9 W9 se est e8% W9 pq pi 69 er% y1 144 g 9 e t 4 3 e 1 O e 9 s y i j q p (1 ed(3 39 t) d a e t e'p to e at die te te se es to 4a e t 49em

4a. ta. es. sa. u. r- . . . .- - . . . eW W 49. W. W. W. 460. W. W. W. W. W. $3. as, W ep W es. W. G8. e. W. es. 52 48. E* W W 49. O. W. W. e$. ef)
98% P9 #9 P% M9 089 F% P% $8% M M P$ M 88% 9% M 98% M M 99 WT fi% PS #9 M P% E9 M P9 M M 9% M es ele W W W E9 O W es es W W W #9 43 m as te n.

. . , . . . . e

b

es em go se se go es se se se go go em gas se ce go sus se em se se se se se se es se se se em se se pq gg 39 gg (9 M 99 f, gg pq e't pg gg gp f1 gg et e'g (9
em se se Se ** p* es e* em os amp yo pu se pu en e see ese em se se so se se em se se se se se em se gg g3 g3 e e g,3 sJ ge 43 g g gp e gg a 3 g 3 g,p 49 43 F1 E S

0 $ $ e t 9 9 6 9 9 9 e t 9 e e 8 0 0 6 9 $ e e 5 4 6 6 6 0 4 D 0 e e e e e e 4 * * e e * * e e e e e #
tap 44 i $ ted tue t$ W of tad SAA taf 449 had tai b# 4ed led tad ted bed led and %$ tea tr$ ag eep n.ed taf 5.J s t es h4 tea b $ .af
4 3 E.f tap tee tud haf tai tad tai tad tap tap tai tad 40p W tef thf tad tef te.9 4 a es. o as 4 s at t o t3 s 3 Ss e4 44 mri tJg6eptaeeF99eeteiggt,p 4 g3eea1rpgye3elg$e# epi

ae 4 4 'te93 4.J 53 49 e1 e f M e 9 et u s.s H e3 09 t$ t9 44 4 3 69 s
* e 4 s y e 9 >4 eg g4 * 9es etas ee ** pe e* ** - se es we emm em en em pe se ce se em om e= ** ** ** e+ *= ee ** ** ** e * g7

Sie sie em De So se ce gun se ge se es ge se ce es es es gun es se ce gutgo go ye ce es ge ge ao se e g.g g gg g 9 9g gy q gg g 9 4 7 4 p 4 3 G4 8.1 e 4 0 5 9 e .15 0ee
e e1f989e aFD# $9 lPi 99 #9 8Pl e89 W9 e89 #9 8F9 P9 as9 M9 r4 W1889 o9 p1 fe9 fr9 #9 M ff9 W9 e89 mi ei W9 e89 M e84 M fr% Wi ** 0,9 e@ F 9 f A f y49 4

W W 59. W. W. SS. W. ES. W. W. W. W. W. W. S3. W. W. W. ea. W. M. e. 45. E8. es. e. ep W e3 O. W. 09. W. C to. t.s. SS. W. te. se. . a')s. ta. se. W. H. et. s.3 4 9 9 9 4 )e. 44 64. e.9 48|

. . . . e p

M 889 88% M M M M M M M p$ M #9 M M w% 89 s9 PS M M M 89 M P1 M p9 M M 8% M M M e* W W W W W W W es es et W et 49 as 99 es es te a

l
we em se et es se se e ee - se ye es en es es en em se en se se en en se em ce e ee ee en wg es es et e, et n et e, og n n e, es et e9 u e9 M
eut p* ee ce se we ce em ee se oss es se se se ein om en po se se se ce se se gum esem gm em se se em gg 34 4.A W to GJ FD S5 es e 3 ap *ca ep g 46 ta 29 U M
t t t a f 9 0 0 0 0 e a 6 0 0 e e v S 9 4 e e e 6 6 9 e 4 e e e 4 e e e e e e 4 e o e e 4 e e e a 9 6 e

f,* ** e J e. A 8 e 9 9 > e a fe, t ) * 4 u 4. be bag g-4 w tag
-

led and taf the 4ad aef te gne see 6.te imJ tapnedd tad had W ted het had the thf ese taf taf lef tad taf the hts mes sep 4,ad tad W ted 6ed tas
led tad bef taf W esf W tad Gef le.B e 3 43 49 se se cp e9 93 43 44

$ 99 e a q e , e,3 g3 g ) e , e a etp eeF4 &54 48 e.a 4A s.s e t CD GJ O e es e a es es t3 49 es 99 4J e4 44 es e 9 eri

% (3e4e.9e$e 6 4.6 gg o p e e #a. e-

ty 3 3ee
r[

e* ** pe esse se seeeceseesmeceee**esseseemem se se se se se se eeee seom e= ee ,= g3 g e t 43 (p g

e4. ed. H. 44. e.8 48. e. GA es. te aas n.'p s ) gA , ) e v ( 4 e,)
e= we se em Se om em as e* ** ens ce se es pe se se se se se em es em see se es sus se es ce es eue se g4

4% gab 4 3 ( 3 e p 4 9 S J 846 * 99 F ea698344f4+ee8 8989 ei 98109 m 981 #d9 W9 P9 8P9 e'$ p1 o9 of9 pW9 ap9 WS e84 en M W9 9 m o9 88% e89 gr9 P1 ri W9 989 pi eu9 em8

M w9 M M p9 M M M #9 p1 est M et est pg M set pt set M spi M M M M M M M M M M M M em W es W es W es er es W sg es to et es es es se es
2[- i i 9. u en. eJ. se e 4. eS.e3 e3 e8. e W W r8. e5 W e4. e9 53. e9 W W e5 49. e3 W W W as. og W W W gp G. ep 43 es. es. 65. tf4a e e . s . e , . a 6 . . . e . . , e

i

ogogpg n gg g gg ag |
9,. - ee e we - es e m. se em se en om se e= es em en es en em pg ,9.e.gpgogogegpq n,W ..e.,u .,egr,o use en om em se se em s= ** en ee es em se se em os on se e

- ee - - - e - em - - - M ... .. u. .e, u , e, u.. ee - em - - e. . I. . e . e . . . . e e . .e e . . . e . . . . . . . . . e . . . . .. . . . . . p

one we bee tw ins tap ene w o # eu us ma we tea we ame ese vie
69 69 4.e e4 #9 4148 4140 F) 63 ** C# e 9 ge 43 ra et g3 et e4 #3 et e.s s.3 o es g# eas tse las eies one edw tee ins tes ved and w see >d en# toe w tas nas one ses ins tee tes tes tes tap mes nas ses nas up is, es es e e og e a y) (p e a y es e e e s e e es et e e e 3 e t e e e e e t. e e e a f

W e s, o e,s s e t.s. s e o e , e p e 3 e 4 a"e .e 4 e 3 6 p 44 4 5 a $
i

gg e y a 3 e,q a y e 3 ga ( 4 .o , e as bart oss e o9 wt se, se, en e.m, se em em es em p. em e e sese en p= e= oo ,ese e * ee se om
om ** ** se e= en ee em se se em p=

=,=emse =e*ese=e=*=*=tt)
en ene se se se seog

e se en se em os ee ** ee e n e e e s e , e o e e *$ . ,s e a. a a r a re, 4. 4
e e e= em se e

y wi . ert og wg m og ng og wg wg seg e og m seg ng m e, m wg e4 erg m ses es - e .3v en e e yes-

es, W ES. W. ee. W. eS. e5. et. W. Ge. 49. es. et. #9. et. e3. es. et. et. te. e. e. e eD, et. es. 9. et. e9 43. es. e9. aft. es. e4 43 as. e'J Ss. 4J. u. es. u t e. te o es eaa W eJ tJ. j
.

< - .

M r9 ss't M M M W9 M *9 P9 M M M M M pt p9 m m ent p9 pt M es9 m m M M M M as9 et est ** ss a es et es es W m s.s es es es se e ra et es e r

es em em se em .= se se en se se se es. en es se en en se se se se en se se em em ee se se se se em est to go <g ce es sig og e s o g r, es e, n n et ce m og

om e,e s,e se c.= e,m e= e,= e,e e= ee.= e= e,= ee= e,m om e ==e.-. e.= e.n e= o.m p= e= en e= e= en e= es 44
e. a.e o e * e.s *a e.i u., e.s .a u. e s e s n,e o. s.a = s 4 4 [. . . e * * ee e e . e e e e . . . * **e e e e g e * i ese . e
tse w we sw us ses 64 te. n s e.s s e v. s

had end ud sd ed w 6 s see ed tse sep ens ta# w tes ai# ess w t e w and tes w ice te# w tee es een eos w
*8 ***1 18sep. .se6ea 6 , e e t * D . p e"4

-

.si

Df
,

a= en om ee e. = se e= en e= en e= se se e= s= e- en e. e=
. eo. tsep to T3 #9 4@ es et es f4 4 8 4144 Ws t 9 e & t-9 e d *9 u .8 #9 6 D e18 8e= d t9 #9 49 4 3 5 5 ifg e ,. e ' e , e . e

af * ,

so we - en es em a= .s.& see= se .eo e . e= . 3 u.o,
g o t

e , et, n n. v. a et . + r, s . , , + , . , , , , , e , e,. , e ,g aeee se ee e= e- e ,e en om . .4.e se c4e- e e e . sev
*. 6 }

e ry o 4 c . n s n. . a..<.t,as**nm .a g e ns e m m m -s eg na m ees wi ne m. m m m m m es m e9 m en ss* ** m m m m .rq
oe

><>eteer 6.e e, sea iteet

es. et as. e. es. es. es. es. e. en. en. e. e. e. eis. em. . es. es es. es. .as. . et. sa. ed. ep . e3. ed. et es. er) 6s. 4J *a. u. e t. e.e eis 4 et u. es. ts t.* + #. 4 5. e 9 4 i ,e s.
ier

- . 39 - - - - .

'59 M M P1 W1 M 9't Pt s'9 M M #9 M es9 9 es9 M P9 P9 erg p9 e89 P1 9 M P1 er9 M W9 M 989 P9 99.' a et e9 59. H = ell U 99 49 M 41 n M et se

a.y g, as ge eg to es se es .9 e s sy es M r.J e.p u. e.,
*

-

. c, em e t

=. .* em .se. s.e 88.se se em es as e.m. so .= e=. .s em om. se we en .e .e se .se .* pm , en .* se am se .g
eg pg** se y

. e.s u. 4 3 e.a r.p . e e.s g t e.p a.p .4 . p* .= ** 8= s.e e. om e.s p go se e es e,o e= . s.e en am em s,e ggse em p = e.s em s. gg
e' Se fut . . . . .e e e e e o e e e . e e s e e e e e e e e .s. e e e

- - - .o. - - . - .in.d .w .te., n o ,w me, na.e * W w w es.# .w. o n .w. r% .
ned i Hes. n .n,s w ud ,,..o..,.,,..6 4 v. 4 6es t. ., we ~t .' w,6,. .J.u. e.ns . . n o .te.# end tes W

6es w w tes

4 .. e . o, l . s.ad ted, u, .
te# Www

ts.e . see w ;

u . . L o. . e *- - .e.,- -ee -en - -
.,o..nn . uo J-- J.n.un. - - o . ee -o.,,..

. .
n. , , , , , . . . . ,-- . -- .. -- .. . .,..,r.e,- - - - . . el.u.n..u......,.,.,.....d........,.,-.

- - . - ee ,

e m .. .., ~ . o . o .- . ..n

m e n,. ., . m m.m n m. e. m., .., e, ., m .,, m ., ., m, u.m m m m m m m *4 m e mm. a n n. rw es u n n
n. u. n. u u. .o . . . . .l. o . ..u

m .

.e. .. . .... . . w e. . . w w e u. e. w wo
. . =. o. u. n.. . c e.

. .. . . . . . . .

mme
.

..en nnnn
. m m m m m m m m m m e,.m m m e,.

** >.~ee.=.=.=-.e--.e a n n. a, n . n. e. n. n. . n .s n. a n. n, ., n. ,

>

w w w w w w w e - - .e - - -
-.e.- - .e -.e -

.,..,. - - .., J..... .. . . .. . . .. . ..
.,w w,'t.w,T.,w,oo w. 3

. -- . = . . n. u. ...
1,ww

u.u..
wwww.a,,w

~... . n o. . . . .. . . . L. . . . . . . . . . . . . . .

. ~ .s .o.......o .. P.b w w wu l", w w w w w no......n... -

ww
m ". . , n. a. .a u. . .. . . ,. 8 w 8 ,. ... . . . ~n t. . . . , u . . . . ...,

..m e..,n ,v.,..... ,

n. . m m. n. es. . .. , m. e. m. .
. . . . . - .e - -.. . . . . .. ,n,. , , . . . .

u. o. u a. e. n u. a. o. a. u. u . , o . . . ,. J.., . . . . o. . . o. .n..u ..o....m,- m , ., m ., m ., ., - .e, m m n n ., .e ... ----
4,- me mm. m. - .. . . ... .

6
.

,oa
. . . . a. n. . . . . . . w w . . . . . . . . . . -1

nn..nnenn n u.
uo.u... . ... . . .

. . . . . . . . . . . . . . . . . . . .

u u ..m m m m m m m m m m m m .A m m m m m m m m m m m m m m m m m m m m -
,,

,

e.-...e~ . ..~.e. .,.
e n n n .e. n n. u .n. 'l n,, n o n.. n n n ., n., n >

. .. e.-.. . . . . .. . , . . , . . .o.,..,.. o. o. n. .s .. . o. u. . o. u. n. . . u. i

u n n. o .e .,i1. w w l", o .w. w =. o +w. o u e, n. r., u u u u u 1"
. . .- . o.,

.
. . . . . . . . . . , . . . . . .., w.w taw= w w wwww wwwww .wwwww w wwwwww

u .. n.. n. u.,o .e. u.. n. o 1.,.
,.1.. ,4,,,o. , . f .w. o. . . , n. .

.sf . w ~. . . ..---....o, ..n.,o.....,...- - -, n o ...,....-.n. .- ---. . . . - - - - . .....n~. o o......,,., ........ .....n... . , . , . . , . . . .

--o. -- . e4.

=.=n,e.m..,m-mm.m ,m.
. .,eem.o ,mmm

.-. . en . .

o u u n ...,n I.o,,,.
., o.

< ..~e . 3 m .

. . e. u. o. n. . . . n. . es. . . . . e. . .n. n. n. a. w. u. n. . n. u. .. 9
uo.n u - o. u

. . . . . . . d o w n .iei d . n d a n u n u d n eemememmmmmmmmmmmmmmmmmmmmmmmmmmmmm- . s.
.

.
.e . . m y n n ,,n. n. n,n n..n. n ,n,. e,,,,n..,,. n.,,!. .

. . . . . . . , , , . , . . . , . . , . . . . . . . . . . . , . 4
o. 't., . . . . .o. .w,w.., ~ O.

. . .
,,, o. ,

. . . . . . . . . . . . . . . . . . . . .

.. . 2,.n n. o o...o o n... w w w w.a.,,... . .. .. n4. o..J n.o... J. n.J.
.. .....o o ".,.,,,

w w w w w w ... w w w w w w wwwwi

....d...l
... ....

......J. m,....,s! , 3. ..b, w )" w w w ! w -. .. . . .. w e . ..,w.

,.o. ...+

......~L,. . . . .. . ... n,........ .,o,.,.-
. . - - .

m e m. ., -
-- - -.e. - , , ,w

n. o. w
u, o. n. , , ... . ......n

...... .t
..,,* .....,.

. .,

m e =,. u. n.
m , m. ., m .. ., m .~ .., a. m. .e ., - e.4 ., m. . n ., a. n.

-e

ennen .. e n eu.u..,u o u ... 3m m m m m m m m m m m m m m m m m m m m m m m e,.n.e... .. u. . .. . . . en n. .... . . . . .
. .. u. e .

. . .. . . . . . . . mmmmmm-. . ..

a . n n n .e u n u
,

A

,

dm .si p g M (p gg pie g gg ,9 Py pg .e !IPi m .9 si er, se. M ., g, dg .3 m p g .m M .p g 3 pig 4 3 (J PJ r e t J eg t 4 t . ed g A *= ** d*.? .fg P # p f.g -3 J. v, eri -9 .,9 A f . g. . . #., . q 3. en.W n. fm m.g .*%
P

J .y 4 4 /4 dt...,,i.. ec*8- g g

f

I

I
i.
I

F

i
I

I

|

1
'

t
. - - - - -.- . , - _n . - . . , . . - .. -



ww,

I

199

1
|
I

f

4

I

enanneannennenenenenneennannonne t e c c c c e a c e.n.c + c e, c c e s e i
n----~ ~~~-e-,e---a e u a u a n e a a a u n a e a u ss u a o u u a a e n u a a n a

w w tae toe has tee eq w an# 6es n.e w w tas see tes las to tee see ed ses e.e W ted nas tes W tes ese w w ..e w w w he 4.e, w 64 6 # u 6.ee o e e e e e e i e p e e e e e ee e e **e e e o e e e e e e o e o e e o e e e e e o ee e e
#

U eJ (3 EP C3 44 Lu 4-4 49 44 e1 CS si e$ st o u eD SJ (9 #9 et (3 43 t,e tes see tad w w w tes
s ow te

as (3 O 42 o O e4 #1e.Jt3these3sa65o etucatsaseisa43484949
43 e7 e9 &# eJ E1 es e.3 art g3 e3 es c4 e1 c3 o M M o a.1

e u et ts * * c3 o r'1 u u e a ta, t.e e4 es a.s 4 * s e a*s sa e a
(J 42 e4 4J n eJ e4 E9 fB r) E4 e9 o CD es o 43 tJ 4 9 o e p e3 O t$ t's s 3 () W E3 e a e3 n

et aJ o e.a e 3 es u o s.ses es e es u e o u 59 O es it e o o u ce ta e a es o as es ts <3 n es o es ts o es eJ t tt M t r s es e A

em 4 3 4 3 43 6 3 e"a. se. u. #14 9 (4 s.as. as. t1. sa. u. u. u. se. e.a. t . . . .
e3 o si s1 O e4 ea si F3 e9 (3 u O O e9 Et o e S et a3 43 te a.3 (3 43 43 6.3 se e9 41 #9 e $

e. se. es. e. se. sa. e. es. ma. u. e. o. sa. es. e. es. e. se. es. sa. e. e. ed. u. as. sa. e3. o. ne. u. u. es. na. tip te. as..

Oeseeeeeeeeeeeeeeeeeeeseeeseeeeeeese ********-******s'"********enenene*e*eee*

O O f3#setetetet#9eset a 49 O f3 n ese5es @ A en to en en en en e e e e en in en en c @ en en i

e9 69 S e es es n es n O el n O.s 4J o 43 as eJ u es es 43 se es as as sa 43 as u sa 43 e*******-********-**e=o*e,*e*e*****, e* l

es ta es sa o es es as as e.s se es e e e e e e e e o e e e e o e e >

W tes nas W n.e4 tas W w te# t.ee t.ee e e e e +e ***e o e e e e e o e e e oe e e e e ee e o e e 64 w w see see e s esa tes t.s p
6es tee w w see see w ens w w tas Lee w tes one ese taa nas nas taa tea tee tes tee w ese noe tes tes ses tad
eJ EJ r3 e ta eJ O eJ e4 o C3 ca e.3 e3 o 43 o s3 4 y e3 es u o et r3 to es (3 e3 e t et e3 43 o 63 et (J & e3 e3 42 aJ c) ta e s 64 e 3 r1 e D ca as i

era es ez e3 c1 ss rs e:p ts c.p 4 e en o o e a en es as e s r3 t

e o o e's o es sa es u 6.s cp o a:s o es u ta r* o en c$ es es ei es M es es o et es 6e p p e4 es es es et es es e e to e a v3 es ce o n u n o e p 'I
o as s

s e9 o to o #1 sJ f1 La o es es u o o es n e s es e s es o as es en es o es ca
u r3 e e s es et e s 33 to o ts u es o ei eJ o ai rs a ci o es u en se es e3 u es es et cp e9 o es r.3 es es et ta es ce e s e s e e e a ca e s , a s e et

. ea. u. ss. o. u. ts. a. u. u. u. u. .a. se. as. a. v. u. ts. u. o. r.e. e. m. em. es. e. ss. e e. ss. e. e. ss. a. ss. e. e. as. u. ss, e, u. es. u. na. u, w m. a. ss. e. sse
**-********-****e'*****=**--******p= |e9eeeseeeeeeeeeeeeeeeeeeeeeeeeeeee
enenenenin @ enentotnen etoenen @inin e en

33 e9 n n O e5 59 M n O O e e n e es M es n es a n es e9 es es a e.* 89 e et es *"********"e*e**e**e****e**e*e'*=***=*"******eJ es s,e as e as as es es sa sa na o es o es es es s3 ca es cm og es u e e e E8 O SJ e
ta e3 si gs a 3 e o e.s es e a o e > e3 e,s n e 6 e i,ea ins 6.s tes 6.e |-
e e a e o o a o a e e oe e * * e e e e e e e o e o e e o e e e o e e ee e e * * * * top nas tes ses w tes tae 64 n.a tae tee w te elas les tes tes w tes see 6.# tes tas tea tee tes tse w tee tea nas w tee t.# w see w t e ese tes te# tap tas les ed ts sa o a s to e p tsu E3 43 43 O e a @ F3 o #1 ts 43 4149 et o e3 o #1(3 a3 O 43 La es a3 43 n 47 ts Q D

es ct #1 ra n e* es et et e3 ta o to en es ss es sa o o g o es es u es o es o o o s e as 4J o et es re o u o o e e sa es #4 es o o re es es
.9 SJ e3 o 8.8 eD f) o #9 e t e3 e 3 41 e4 44 r$

W t'143 de o e.D et * D D r1 ** e D r a #1 n e's as u e.s sa as(J O e3 E3 O e't $1 C7 e 43 49 44 O es SD 43 63 O u ts 43 er.A O o es CD 49 o #18.9 e3 SJ e 3 CD s ) s es es eo ea wp i

es. se. e. es. as. es. e. as. da. as. es. t$ es. e. es. e. e'3 e3 (1 oe. 49 eJ o O 4149 43 es e9 e 3 FD #1
O Cs eJ e913 F3 f1 a t n st 63 e) M o s.3 e

. ta. es. e es. e. u. o. e. sa. e. as. ss. es. es. e. p G. 4s. #. tis. O. #A. 48. e. es. sa. fa. eJ. sa. e . . . . . .
.

**8"****-'''-********--*******'=**-** .e e es e e es as e as e e e e e e e e es e e es e es e e e e e es e e e
(

n a n n n e n e n n e n e n a n n n. D. .e a .n n .a n n e n a n. n e CCf@fneff@@@@4efA.A@A- - - - - - - . - - - - - * - *. . . . .s e e c e es ooooone== oooooo. . t e 6 9 e f 6 0 e t t e e f e # e e 9
one tus tes w ted tee tas tes 6.e* * * * * * * e e e e e e e e e e e oe e . e o e o e e o e o
es, es es e e es es g.a e s es c, e.,s tee tes tea tae sea w w 4.s t.#

a w ta
tes tne tea w esa nas tes had tea tes tee see tas See tes tad med 6 4 tes 4 4 See tea tee las one tw tes las tea tea w see

o r3 em r3 o e a et o , a t e es e o e a e e n, u e > * >o es o ea o es ss ts o e3 c1 ei o sa u u e2 e3 es o ea o es e* es o es e1 a.p 4 y sa n e a o es o es 5 o aeeao 53 o ep c4 ca o o 51 es a s to u o es ss es e, es es es o es n es es es t3 as ee es o Mm e e o 49 e > 4 A #9 09 o o G . o. 9 e 3 48 #3 4 9 o * 8 F3 8 5 o
e

fs f1 O n F9 9 9 49 n n 4.J e S e t rs o s1 e4 41 o .*4 * 9 o o e3 o fp e.p o a 9 EJ e s 49 r") H (JeetFe*4###SJ<4iBe7 n #86ee7e#4)es4?e)

es. 43. s. O. ed. O. O. ta. o. es. 44. se. e. es'S 49 t14 3 #9 4 a r3 ea O 4 A t 5 (5 et sJ t2 9 9 o i3 43o. as. as. se. o. 43. es. as. o. u. es. e e. a. es. o. u. 4s. o. 54. p
O E9 s9 *s e2 CD F1 ta o e3 o o EJ c

e a m e e e e e e e e e e e e e e e
ed. se. o. o. e. 43. e. sa. s's. sa.. u. as. . eJ. 43. ss. ta. es.

.ee.e.coes --------.----------e.
Onn .onnannonnn n.ennonannnon..n in c en en e c c.* e c e nn e .n e tn en e c c c
o. a.s e.s a.s o. 44 e.s e.s s.a s.a e. c.J c.J e.s c.3 o. e e.m e e. e.s e.d a.s o. e.s a.s e.s e.s e.s es e.s o.

* * * * - , ***=******.r.*. **o.***,**,*
j

* * * *
e e e . . . , . . . , ,,, .

448 te.e m.ed. %.de its w tef had tad saa les tad tee ted est ned ted had med 4.#
,

the te.e tai had tad o led inf te# tad had tse tod med 5 4 t.a,d tad had ta.f toe had W tef tad tse ned tad 44# ts# Ind tea tee
. o o o d. m . o o . . ,o, ., . . . . . . n . . .,,. o e . , ,
oe 'oo nocoooooooooo

onnoooooooooooon o n o o .i n u o +n. n o n e. .
os oo

n o n o o , o n. o n. t o .
o

u. o.o.o. o.o.o.o.o.o. o.. o ...u,n .. o...o o .eo .,.o. n o . . ,,,.o. ro n o n o o o o o .o o o o o y o n ., n o o n o o o o o o e. o .o,
.s o n o t n o ti on. . o. ..o ...o i

.

o. n o .m o . o. o n o o .o, o o., o nnon, ouno ne..on..nono o noo
. . n. o.w o. s. o. n. i

o. ss. e. o. o. . a. .e . . . o. o. . o. o. e. o. . . . . . . . . . . n. o. .

5. . . . .

e....e. . e .. ee .e. e ee.. --------------------
8 I

. n n. es a n es o n. n n e . =s o n n es n es n n e n n es n e.s. n. n.n n
y'% en + + tn e tn + + tn e e t.n en c e + c n .n o -

o. o. ., M t
o. n. e. o. o. o. n. o. o. o. o. o. o. o. o. o., m 4.o.o., m - o. o. $ . . . . ~ . , ~ . . , , , . * ~. - - ~ . ~ . t. o. o o. o. o. o. . . . .s e t i.

c.. o n .o.n o .o o ...t
. w6.o ,s.

rod..
.

- - - 4 t. t u o., -

Lo o o o o 8 6.t 4w
o . o ,, M w n o.o.nen., w te. . ., o . w w 4.

4 6., onona.onun~ o o n....
.~,o ..onun

o n o n o o ., o o o o o o o o o n n. , n ., o, n e,. n o o. .o. o o o., o o
mo noooono. n,..n. n o n o o w o .n. o . , . . . . . o. o

...s.soo. on. .o .o c. n . o oo, ,

.n o n. o n .o .n o n . . r.s o ,, n ce n o . . u n o .,. o , , o o o o o.. o ,n,,l o. o. o. o. o. u. o. u. o. o. u. .u.e. o. u. n. o. . o. . u. o.
c oo inu, non .m ~ ,,o ,. o .,u n. .o .o . .u .

e . o. . 1. n o n. . . o. o.
.n o .on

o. . . e. . . >.... ..
.. .. . . . - - - - - - - ~ . ~ . - - ~ -

.es, g e e + + c e + + e. ~c e e m e c. e a e + ;

3. . n n n o n n n.s o. n n C. n n n e n o n . n n e . n e n n n n e
a

. ~ . ~ .. n. .~.. ~. . . . ~.--.

M lef tse tfd .le,f taf
o. n. a. o. a. n. o. . u. o.o. o. . . . .....o.nu. . a. u. o. v. o. . e. a. ed med ted .ed thf tef ..

. . .. . t. . ..
o n o ..,. tid M. b 4p$ tad i

M tef ned taf 440 the med 404 fo n.f .ta,d 40A te,f 6.d tef tef taf t.d Idf 4.fo .Lif led tai tef ted te ta.d . tag thf taf 90 thf .Gdd
alef n o n. o 7

. n o o nt,.,o...n.,
..,onoo

ot.ooooooo
onoonono. onou .

o. . . o n. . o. n o . . .. r t , n o , o n a a. n. o
o. ..,

n o o n J. n n n o n .o o n 4 o .n ., o u o n o o,. .n. . . ,., u n o n n o
ononnnonooooon . nononno . o .o o n... no o.o,o n o -oh4oouoono n o o n,ooooooooooon .

.. ... . . o. o. o. o. o. o. o. o.
, o . , o . , o

,

. . on

.. .o. n.
n , o . . o , oonnoo

. . . o. #. o. . . o.. o. o.. .o.. -------------------- ;
.o. ..... o ... ..

.
.

.
. .,.

1

e s.* e.* e e e e c e .n.n oe.* e e e e c e n&.
na .e .

o. u. t.b o. o. t.h . . . o. o. tn o. . e n.se. o. o. n. . n o n n a ,e n e n n n n.S e.b . . n e n a n n n. e.s L.o . n n, e n e n.n u. .a .s e.s .c o. 8 * * * * * * * * ' * * . . . * * * * * * * ~ .* * * * . = . ,I
- e=*

n. o.
.te,d W tad M M had64f s o.

. . . . . . . . . , , , . ... .. .. . . . .

c o, . , . ted r.f 44# bt Stf saf .t.,d .4.f se te.f .ha.d tse .isJ . bed .W t.f tad
9

o .6e.f . bed
tad

o o. bWtsd404d taf W ted led th. t08 4.d tes W tag M taf had inf tad W MtadW W

1. o u n n. o b. o o n . o. . o. . . . o . .o n . , o n,. o n o
n o o o...

o .. o d. . . o . , o. o. .nononnoon..on.,..o...n.onnn a,, ono.L...o t. .

o ono. o
o v o o n n o u .on . u d. .o. n.. on c oo

o o n o..o n n o n d n o n..n n. o. v, on o n n o..
a n n o. n a n n o n n o J o n n .n o n. .n o n o n o n o o. n .e. o .,

ono r . n. .. n,

.n .o w

.- - . -
o. o. o. . . . . u. m. o. n. o. .. o. .. o. . . .o. ... ... .. .oo . ..on.oc...

.no
.................,........ H

.

~~-~r-~.......................... >* M

C. C. e D. C. e.n en e e e e.n~30 e e i4, en +n e en e.#.9 n. n. f.5 m 99 n. n S #9 e. o. n. 69 e n n e9 o es r r.s e9 et n es n 79 *, .9, e es W
-,

. . ~ . ~. - . ~ ..... . . . . . u. o. .. . . . o. o. o. o. o. o. o. . . o. o. o. o. o. n. . o. . . , . .
t.o.o o4.m, w ..

.. .
u.. . . . . .

o o ,o.. . . . ..no

n o o o . .m m. M w.o n..o. n.. ,,,. . n o n . , o. o o o . . od. o. .f. M f .
ww

. . o. o ., ,, o . , w w w t. w w w w .
M, o o . . m. .t.,, . . u .w. m,wwww-~ ww m . oo no. n o . o . , n o .. n o . . o .o. o .

. . ono ,

o . , n d o e, n o d, n o o. .o., n o, n .eJ. . o, u o n o. u. n n J. n. .o. n o n n o o. , oonJ.ooo . u o n o n u n n .a ,o . . o . ., o ., o. o.. n . .. o. u. o. u. o. o. .. o. . ,
, .oo n. o. on n n n n o o ., .n .o .n o o . , . n o n n .o u n .. u, A n .

. . .

o. o. =. =. o. o. o. o. o. .nno. ..
.o. ono

- - - - - - - - - . - - -
n.o. o. . . . . . . . o. o. o. o. . . . n. o. .,.. u. w. ...

. .. .n.. .. -

H

C. a. n. n o .n
a. n n e n e .n e. .Ln n e n n n .a. n n, e n n a n n .o s%: .Mi .n e C. C, c e C. .n e e e e e e e c e 0. c e.n . . * . . - . , ~ . . .

-~. ,o ., o. o. . . o. .. o. o o. o. . .o...... o. n. o. . . .. . . .. . .
.f,,,-4,.

.

...

.w.$.$f,.3 ,4.n o,
ft.nefw w1.,,o

. . ...

. $ .9 . g a f ,. t.,o , 4,. r.o.
..u..,o. wmw o - - 6..o. t.n.f 4 ~ w 6 t., . w te, m w -

9.w ~ w - 4 6.f 4
t...

$3, S 9 o. 9 .8 .J .,D . , 4.
3 f. ,3 ,. efs 3,8 o.4 @ % . =e . 8 .) n .1. ,, 8 3 . J. . e f 4 { 9 .4.3, . , e . .'. ..J t 3 .J v.S .$, f, . $

( ..ie g.g $

.'8 . g t'. 4. . . , . J . ,p . s .1. .,t
g .

f4 ,..,93 3.<4,.3.,c. o f,,.)ep.3..$4. r) 3 f, 4 ..*. G6.$fi.,,#.# $,*4 ft. ... .d8*. 3 88 , e . A t3 3 3# ).f1 3,o F

( .,.4.'9 9F3 $ o..d..#.u..{.#..} ,.,t&',...,b.t 9 . 6 .B Pd

o F 4 . 49. 5 49, 45 49 . F". . e n, #, .
4 4 . 4..t * t. .ye .y,p.9.#,...

&&.
.s, o. 49 .e, &. .,$ .. . .$. o. 48. .J. o. #J o. $. .J. . . -

e .r. F3 r 9 . . 3 P$ # . G

* - - - ...-.. 4.
7 t.4 48

.

. . . as s ,

D o 9, , . $ n . # #- Aee
4 1'

. n . as = o es
o. tf. 44. e3. 3 4. o. 43. o. 48

. . . .se
4J89.. 3.,,..A.4..&S. 48

. .,g < .

- - - - ~ - - - . - 1
* * .

.w....
,

..... es
h

A. ,

P 4
r

I

g es s.i .1 % .s1.n . P a.'9 eLa v .o e.. %.n ,.., . 9 e .
-og y

Ai ** n 87 *3 Pw Me' e.e e.9 eI ru n e. C N A C .p p ph .g #p og N e c .p M pg - c.
ge p a

. ur.o < < n < o - f.o , n
n e roe to me - n. .-

i

I

i
>

a



__ , , __ --,. - - _ - - - -- - - _ . , - - - - - - _ _ - _ _ - - - _ _ _ - - - - - - - , , . - - - - - - _ - _ _ - - . - _ . , . --,_ - - - - _ - _ _ _ - - - - - _ - - - , , , - - - - _ - _ _ _ - , _ _ - - - _

.

] 200
i
j

,

i

4

.

I
I
.

I

, e. e tn en e. c e ., e e. tn e. a e tn. e e e. e e e e e tn e. tn e. tn. e a, -e-------------------
e sese en e e ** e .e e ee e= e e == e -e e- ,= == c e es c e em es g4rg(4Nr3N N Ng4NegF3NP3f3Nggrgr#r4esf34
e e e e e e e e o e e e e e e e o e a e e e e e e e e e e e e e e e o e a e e e o e e e o e e e e a e

had 4.e4 4 6.d toe ter ted led tee had ned had tee tad 449 tee teie tad led nad the has tea ese taJ tse had and had ted had taf tpf led Gef had ted led ted tof 44 %g4 ts# tad had 44e the tad lef t e la f 6 8 tad
pfg(gfg44*/egiee3epP- 9e'8 $
4 f 3 e a f | P ) f & t j e 4. f B e j P t {i e e. =6 f A

a (3 C5 43 43 E.a O t.3 O f3 tJ (4 #3 O CJ f e r* E3 4's tJ g.3 63 O r3 C3 C3 o a 3 4 EJ G fJfarg{Jferjeg(J
O (* O e3 tJ (3 O O tt U t 9 CJ O 3 E.3 f 4 41 CJ ti O L1 C3 f.3 E1 ts t 9 E.14 3 48 e.3 f j () PJ r J P4 f ) f J i e

f3 43 as rJ s4 e's O O O sJ r3 S.J re e 3 C3 (s d"1 o e a r3 O O c1 O t e o es gJ (3 ti C3 to t.ge .e., @a v) e.ps *1 ve .sy .d e<1 g , 4e - (A e.sg wg .J 3 .f e m-

J c3 c3 u o c3 e3 t3 O es o a o 42 E3 ft O eJ r3 o GP 04 t WP e a @ p e stt e 4p a ,a

mJ eJ e3 t1 O C2 &J 47 r3 CJ &# so wg gs gi 1 a s ,t

e3 53. e. O. O. M. 43 63 43. E.A. 43. G3. O. G. u. G. C3. e. Q. O. & 43 6143. e. O. E3. O. GA. ed) Oh. p EFm te. EP. @. SA. te. e e. 47* P. te.' (*. @. f.fh. t/* 4e. t#'e es . .
. . . . .

*te***4''
a . .

e* em em em ** e" * em se ein ge se gie se em ge em em ge se ge gma ge em se se ce se em pg pg pg pg p g pg pg pg pg pg (J pg N pg pg pg pg pJ g g g g p g Pg ()

I' @ e.* in. A e e to tri to tt% to e e. e. s.i GA to en e to e to en. em e in ett tri to eta se *******s * * * * * * * = * * * * * * * * * * * * * **

*" N N N N N'* *a N eJ N ed f a e"a f 4 N ra f a ta f J f J f"a ed ,N Pee e e e- es e= e- e e e e e e e e em e= em se en e emen e* ** u
I e o e e e o e e a e e e e e e e e a e e e e a e e e e e e o e e n # * a e a e s e * * e o a e * * . m * j
i te, see ts,64# tee taa tid les tas see w sw see tea to see las toa 4.s Las e a ha w us taa las tea w tes ned nef 4 med tes and see has w w tad tee ** gae sia tad ses w see ime of to w

.fIf{ tied
,

C3 43 p g 3 rsc3 u && 63 s 3 C2 a.3 4 3 cJ ta es Et c3 < 3 O C3 O aJ C3 ft t 3 Q (1 e3 43 g4 4 04 eogfJfAfafdfdf ) f 4 0 ) P'4 [ J r a ed P g 5 d t' { 6 J LPs i

eief4
j O 63 f'1 s3 41 O C$e D Q E 3 E3 op C 43 O O e"3 43 O C3 E3 O r3 O EJ O e3 C3 f3 CJ

gj w (4 Jfe(Jr4I e2 Q r p sj m3 43 ($ 43 C3 43 #3 O O (3 Q f3 43 C t 3 ee O U O C3 f"9 C1 t* CD E 9 O s4(jFef4fJe.Pd

@ EP fe (7 @ (> tm Ge3 4tp w1P 8'2 (P CD 88 'O
g,

k $.=S gip N 8 -s) * 9 w # 'dP * A * W ' 4
om em te ss> sn O. ap 8 * t*

1

4D. G. CD. G't O C3 s 3 8'3 kJ C3 C3 a.J e 3 a.1 et t 3 t.1 O e s PJ t 9 t 3 O O ts O t*S (1 rJ CS. G. G. O $4. M. (J. 6@ 4.4. O. Q. (3 63 43. es. es. u. sa. e. o. e. O. 44 43. e. a. es)SP. EP. (P. EA. GP. P. P. P. te. 47 43 8P. e#* @ P. @eV. (A. 4* M. P.'."e
>E34Jetc is) =d3 gi) WD d 43 eJ -3 =

9 em o= em se eo em om em om em e= se es so we een a= en em om osa se ce e+ se se en en ** pg pg rg N PJ eq N N ed ed PJ N f g PJ N N ed N Pg (4 f 3 PJ f J
<P. . . . .

e

46 4,0 40. en 40 ee e e 010 0010. td 40 O.f.%40 00 40tA GO @ tO GO I.f.i.40 40 46 q$ tM M en e= de == ** ** e* em en ** ** em se em am eie se em ** et om **
** ee e- e

tA e 4/
= em e e em ,= - en en e se e. em se a e e en e= e3 N ed ed e4 ed eJ N ta i N eJ N r a f 4 eJ ed ea N * a f a rJ rJ c" e e e e e e o e e e e e e e e e e e o e o e s e e e e e e * * * e e e o e e e e e o e e e e o e e e e *

'

a n o a . tad the .thf edif tas 44d ted 40s ta.d had Lef bed ned tad had led 6,44 had tef tad had ted W Lee bed Enfend saa toe 44# tef ned tai tee taf tse tad b. A tes tad een, the led .taf tas had ha.f too pd tai .ted,w ,e ,N fdfat enJ .w unOOu. unOOQun 3nantJannan 4rwNNNf.O Q t 4 ,,5 4 3 O .CJ t) O E 3 Le 4.3 O (3 CJ f3 O s S L3 CD C.D 4 9 63 O C3 4 9 O O C3 4'3 - fe f e . J f a f & ('4 N AJ P4 f & id 6 it Ae e f J f a P4f e e # 4 d Pd
W EP Ek te (> & fth Em te t* t,dp W wi -*thf>t*e4 @ GPLa4.'e 4=1**w#6 9 O Q f e O * * 1 O F1 Q e 3 f 1 J 83 t) CD O E 9 C3 e S O EJ 81 Q && 6 3 C3 O O CS

a d3 g) #3 e en) .e3 s3 wS =d 9 V3 A - 4.a3 wtFW f * 48'(*
.c

(9 CD tJ G r3 O f% * 3 r3 O E1 eJ t) (J 43 <3 t*t 6 a CJ FS C't 4 3 GJ E1 O C3 t 9 W C3 O [
t O. 48 44 48 68 6. O. 63. G. W. 43. G. &a. (J. G. G. G. G. &. 43. O. O. G. G. 4.9. E4. O U. 43. to. 06. P. EP. SP. se. qP. tP. 4e. EP. te. e. MP. F. th. (f* e. eA. EP.= (P. CP=. EP. 4A.

.

t'
3

{ em se enn ein sie se ge em om se en es em ee se se en en em em se ce se go ein en es go e.o pg pg pg pg pg N pg pg pg pg N pg N pg pg (J pg (J pg pg &J fJ PJ

I. att e to e to to em em en to e iO e tA t#% en to in tr% w% to in to to en en to en en PS
N N N 94 N e4 to N to 90 94 f"e 96 f & C4 94 9i N te r4 !"a "6
* * * * * * * * = * * * * * * * * * * * * * * * * * ** * * *

e- en en e= w e= em e * ** e o e= ee e= ** e* e e= ** eo e- ** ** ** e ** ** e e en t

e.e, es ti, os w se 4.n4 to. 4.e4 w see w s., tu w w w saa s.s w w 4.e, nas L., w en, w i.e ens tae w tea w tad w w w w es *.e ime w e 4 # es ied t.es i.e te o.e
ga e e a e e t e e e e e t e e e a e o e e e e s e o e * e o e e e e o e e e e e e e e o e

e one i.e s
153 1 el C3 4 3 4 3 O C3 O (3 8 3 O 8J $3 C3 C3 CJ gJ et c EJ 4.3 tJ 27 SJ O LJ Q O C3 {4 f J s'j f J f $ f,j N f { 4'd (4 f1Of/ d * d r $ i d t-d t ##f&

v4fdOsedPa( f d f e F4 &f4Pd f 4 f a W 8 4 e f f'd * 4 e 8$3 4 * O E3 f) 's O C3 M C EJ CD #143 t1 O aC3 t.a O s 3 (3 t p Q f1 C3 ta 43 f 9 O 49 efafAJJGJ
@ E't 81h Em P (P @ 8% #' 86 44.) #1 (3 4)Q C3 a 2 LJ f'1 Q 63 f4 CS 43 C3 CJ C2 t 3 614 63 E2 41 O 63 43 53 43 O E3

O O SS O et f_ -
Pt Pe4 mdp *W9 gr% @ =) wp ''1 We .4 .A l'* 4. R ** f A 8% (8b FP 4 * f. 4 es')' G. *J *

O t'D E D r9 4 3 C.s O 43 O (3 f 9 G.s 63 F 9 La O f 3 r"t r1 d.e a a u u a a$ u t> L3 43
*8

s34 1.n 4 w) 4 se i ji
a. e. a. a. a. o u. O. a. a. a. a. a. u. s3. a. a. u. t . . . . . a a. a. e E e. e e e. e. <P. v. e <P. e. +. < t. e. so. + sw e <> v. v. v v. .j . o * e . . . . e is ee n w e n w e se w e e e e e e w e- e n e g ,- - n e e e,. e4 ee ra N ee en es N N en N ea N ea ra y es ea rJ ed ra cJ rJy ,

e. A e. to. e to to tA to to en to e em. to tt4 te to e#% e e tA. to tA e.n en. to. e a c3 u * * * * * * * * * * * * * * * * * * * * * F

* * e o e e s e e o e t e e to e e e e a e e a e e a e e *
*************8'"JN r"3 ed c".4 e4 N ra N e d e4 f 4 N'' '"s' **j rd N N c4 r e f eee seme e e= e- e == e e se e e- e .= e e- c- e es o e e- =e p om e c3 we ee e a e e e e a e e e a e e "#e * * * e e e ei had end of had haf had tae tad ifid ned %ef has bild &md tad tea ned tes had had ts# esd ted had tee had had tad tad cap tad thi bad tad had 6as tae nee bid tai }se ned tpp ees y'ee ted 444 4 tad 4 9 iad

43 41 Cs 63 (J f3 &a C3 C3 41 r3 EJ 4 6 SJ r.J E9 f3 e a O F4 CJ CJ t S #3 E3 43 83 23 d O fB (rJ (J f d f a f J t {( A t'# f 4 s 5 (df J f # r d f a 4'( ( #' J J f e (. 4
$

43 O #.9 t's O Q 63 t.3 EJ O 6J e.# C3 a;3 e3 O C3 m.3 4 3 eJ t143 O O ts o n (3 E4 43 & J Pd es f # N t a t a f 4 t # e@ 4'7 4,e o a r-1 e a f a P Jatsc-8* ef4
C3 o u O $3 O O F3 4.3 O rt (3 r3 (J 43 c3 ta f3 t e O O F3 e3 = J O Q c3 u O t) *

49 (> f* a# E.e'%
P ten @ t> eP # 6 em 4.* 4,- re ten 'we *.+ te taAr

O CS U 41 Es rJ O t i CPO eJ O 4) O SJ e 3 47 CJ O e 3 CS E1 f 9 fi (1 en s 3 O T3 O ted

e EP EP @ (P* e7. (P' W @''$ -#4 d V,9 a.# -f3 VS. ep * U* 4 * EP. Em. 4A 45. tp 47 4e (A. tF*.J

gh 5e8 Vt 18 WJ d wJ n1 +1 1-9 4 i

O. 'A. G. C3 53. C3. O. 63. GB. q Es.kJ. G. 43 63. e. c3. tJ. c.p C3. CD. sa. O. O. 63. O. E3. p p t(4
. . . .

*S
(3 s e a a e - . . . a .

em am em a= em ** en e em ** ** es se se en es $== em ce te es em em em se em em em em N C3 fd fd(df4 PJ N N(J (e f J fd fd(J(d fd f f N Pf fd f j PJ f d

to. t#* e e e te tA. e.% o e. nei e to to tM ao It% o e e in v.t to. em e en. to to. e. e,s ea ca f'*4 ca g d f a f a es ra e4 (4 eJ rs eJ ed f a e4 e a '''a e t r'*i f Itt e3 ****s **e*******=*****=***=*e * * * **
ee e e- e- e -e e s e Le e. e == e- e e ee eee

e=e-e.- e e e m; e e e e e e s e e e a 6 e e t e e e e o e e e e e a e t e se e o a e e e e e e s e e e s e e e e a e i i

M o ra n t > t o n n o t a e. ked h.d had tes had had hee .ned tee tad had %me tea and see tak tef es# tag Y co n o N f t to n yf f . J r
be tes sat and med hadtse tea haf tid and tee nas has tu nq had had tad 6as taJ

s y v o r f ed is4 had tis e.es y L e tee.
ieded tas|

.1 eI e r $ #_1 O t 3 e e e.3 < > s.J s , c e.> onono 3 n o a a tJ o u t t e. f.s o . s c s e e r s e ; ; ,i n s;
r$ c y g3 r 1 g 3 a i e J gd 63 O d's 6 a f3 e3 O he PJfJfdfJfJeJPp jf1 t 3 43 4 J e e 1( 4 e j t J f e e' ) v a e d 44

e = r'>% e * t * 4
-

O O e) (3 O C9 t 3 43 Q E4 J r14 f*ge
Cp tJ e.o s e u"9 O SJ e's r3 O t A r1 t,9 C3 4 % e14.s (3 43 Il fP (P (P re te im (P tp a e (A t'* 4A .gP P* r* t''a- t.ti A o aO #3 O C3 43, se +ar'r gS c_? ta se

F3 t Do e

FJ O t1 WJ O s3 ta f 4 u3 sJ s3 O t's e 3 e3
<* e. an. e. c's WS .et 6 3 - e .46. e. a. t . e. c . ee. <>. e rf. u. m. e. #. e. , s..A. S .
est 43 ) -Q ' < 't we p s-6= e e. 5 =7

-t, u. o. o. m. e;. . . e. t2. =. <.a. f., u. o. m. a. tp u. u. u. u. u. a. n. w. o. o. o. o. tn
. . e

*-
as . n . . .

i e. es se e- ** ** a= e= es e+ *= o= a= e= en e= e= a= es em e= e- em p= e= em e= e+ e= ed N fd ed ed rg ed f 4 N N e4 (d PJ N rJ f a c4 rg ( A f 4 f 4 N (#
33'

j to tA 40 te en to. 48%e= e.18 40. th @ @ th 6A e 40 bh t/.\ e tO th.* e#4 e @ IM t.e e. th. f9 LTtA ** e ** ** ** ** ** em em em *= em ese es e* eir em em en es e **

ed r"J N N N N N ed f J f d f J rd f.d f.d r d t'e
e= e- en e em c ee e - e. e- * e= en en e e e se e e= e- a= em =. e o ik d N edf4f41#tea a e e o e e e * e e s e e e e s e e e e o e e e e e o e e o e e e e e e a e a e e e e i e * *g
ehe bad nad tied med tad tind W tap tse ned tad tee tad Lid ted haf RH 4e# tad and 468 ted tad see tad tad nad thf tad de tai %Se lef be tilf and Ltd 6ef time tee had b 4 e,e %-s 4pA ted had tas bd 4..e

f #

e J O tJ e.s O (9 43 f a r3 f.4 42 U v3 e3 f 3 O C3.49 ea ts 69 em 4 s fJ #3 O eJ u $3 r3 4 f( (f4(dPjfi4deJfefg5O Q g.)e3t5t3*"A43e.3 0*Jas(1e) o sa 6ed #f d{48 se&f.fJt4
3 O # 3 . B 43 t e ef4fJfafJ8 Aa ePseif a f ji j. ff J f J f e e' d T a + 4 f,(#3 f 3 C3 e * SD El CD t 3 O F3 f 3 f3's e 3 43 f3 43 O eJ r3

ef 4;
()f s O (J 1 O e 9 r't O 63 (J O Q (J Q t9(3g3 L) tf (A (A EP (P 4A te (A, F# #ft de t,,h, En te P49 3 a . 3 .,3(A e D (* c,m go g,g3 g e . 9 ,.3et C'3 e) (J 'r.e e) e3 O PS 6 o n. o u sa e sa uj u a a g3 e3 g3 f 3 o c3 g3 cg r3 e3

; s e

eg g3 ees .g3 in .o e s3 .3 %3 es) i ,

(
f' u u. s. e. o. is. o. u. o.e. o. e. O 4 3 e3 o g 3 g. o.o.o.u.o.o.u.o.o.e.u.vi >=,

es $

en e. e. e. om. e. e. e. e. iP. e. e. e. to. te. ce. e. e. se. e. e. e.
*

i
. . . . . . . . .a . e ,

i enemosems'*em Deeses**e*eseses**eresemememememesementose**engf Z g N N N Pd(d PJ PJ Pd pf f 6 f 4 N N N N 8 A f 3 f d f4 @d 4*J N
i M e ,

j e 4(4 e en 'M @ e. .IM. tO en. e. In th to. e. nn th to 1A. to e tM @ t.89 in e to aA. e= u"pIA th to E ast 9 8 ******e*e ************e*eme 8 e*********** I

f"e N N Pd F# N" f d f d f A N fd r e f a fd f'J f"d f A N f.4f.J f J f d[

.= e. - - eme . ** e - -e ---e e e= oo e. e p e- e e e,

i e e e e a e e e e e s e e 4 e e e
a e0 [

I e o e a e o e e a a e o e a e e a e e e e o e e e e e e e o >= 4
. 444 lad ide ledtad 6d taf ted led led teJ 4e# taf tee 66d Ins tag bJ ned nad tad haJ 4Ad tad laf na8 .44 %gp be had %ed bef led Lef E 9

ted %sJ 4s4 to,o had taf lad .tae eidpt4g4f4*Jfae; j a -

444 640has %ef t84 44
(J ct rJ r's e 4 a3 e' 3 t1 e a r 3 e p 53 cs Q r 3 O t173 es t+4 4 3 41 O t 3 (3 c3 e 3 u r 4 c1t t 3 F3 i s P3 L3 09 f 3 t.4 EJ E 3 4 3 O 63 ts t I h e ) { 3 es 4.3 r3 c.3 t)*3t3es taf 4 e4fafaf9 aea pf #rafd

4 (j f J (,I e e t' 6 ( # ( ) F j e'pE3 CJ 4 6 e . .

e 3 es ta s $ g3 n u 4p 4,3 o c'3 t1 4
9 F fdfdPd(# Jr e s f g r i t' 3 t' a f d v . } Ii

O U f) F a 4-9 r3 CS 81 e a e 3 O g o c3 (3 43 g3 ea eg-
fif% (> eMk e te em #6 er .@3 .d) wi .d3 4 S e,4 -3 o .44 %) p = 9 g e i =

r y fA tr # ( , g.4rpp t^ ( *g*
f

f 3 g 4 e. p eS e 3 g 3 e) e') r) a 3 e + * 3 43 6 3 93 e) 43 e r t e t'$ G 43 DEB O e 4.0 sm 43 e u)$ C2 t) 4 9 f 9 43 o 6 > c e e 3 43 GJ @ esp 43 w3 9414 ies Je 9

I' t'3. p D. e. se ta E3. O. O. 4J. RJ, O. ed. tJ. O. O. EJ. G. c. e.. . . . . . . . , , e ce. EP. e. e. e 4A. th. th. g @ gg gp ce. g h. (p gr%. gpt.(,p g,g g4. |$. ( a.
.

g

. . . . . . .
qp

g

omse em os em om .ie em em se em om e= es es em cum en ese e= ee ce se ese se se ese es em g.g pf pg pg pg g gg N y Q pg pg y pg pg g g pg gg pJ pJ (g (g N .

se !

i
to e In. e e. e e e= e e J't th to e th. e. e th in. o. e e* em en GA te to. en e. o

e O 4 "4 ** ** es en e= em to en e e= em *= == o= s= en emse ** se em e= ;
i e= e4e -e e e- o- e- e= e- - e o em en e . e e w *we -e o N fd f a r4 N ed rd N N reeJ Pd f a f a e4 r 4 f a ed ed ra ed e a te o e o e e s e e e e e e e e e e e e e e e o e a e e e e e i s e e e s e o e e r e e + e a e * a a e

andhad had ted ied tuf t40 k8 tad tad had tad taf ted saf tad enf 46# LeJ had had tse tid hfa tai had ts# had Is# nef I La# 440 %48 bei Raf had OJ tai Liks het ned tef484 taf had p 464 hos DJ tede, f a f'D FJ O e 3 9') #1 O Q e's t t F3 4.J n a s aJ 4J g 3 ( a s s 13 s 4 (J (3 eJ e 3 # 3 e 3 t3 f1 O 4ff #fJ(JJ{dfef4 q((iAeJf&f4ife(3farJ(dijfdf df(eJv4($t i 6.J
,&s f e A f d I A f # (' 4 f sl

* fJ (J e% t' t'73 f3 O e 3 t a 31 (J ('s f3 f:3 43 n r3 e4 $ a, g(3 n es e 5 u a 3 s:3 o e 3 c1 q)4)O $4 t313 (J c J o et i J 43 n 4J e e r3 s.a e p oe d Pd Jv (e *
PJ# 53 43 3 ta s.3 e 3 tv u o a> >.

u fi n o e s e, o to t s e e e s o o t o o es e3 as U fd (A so te EP gp e gh 6.ne (.aA t# tb 4A, to f* tha as ,,a m w .h Ci w,I n o') 4 3 e n o e s ev eB o e s e., <> es P M @ e.*4*8 #*
e ,e vs <> -3 * o sw m - >><e s

|

43. G. &&. t3. %&. Eb. G. SE. Sa3. tB. is. sh. 93. u. (J. N. RJ. Q. e 3. CJ. sne ta. 63. Lh. %b. O. $3. Q. t1. tf} e. SM. &. (>. $F. e. 49. V. Sh. (P. tP. GP. &. se. e. th. %N. SP. (P, Sh 99. t h.b
f . e.e 883
I em se se e= e= a= es en es es o= e= om se em em se om e= en se es - se em en en en se pg en N PJ eg f g rg eg ed N f d N f 4 f d ti f d ed t d f d Pd f d f 4 N f d

,

q In >=

e. e en to. th e e.n tn to th. th e to e e e to th. ed.'9 e.o e. th th. tri en. .to. en. o c3
e e >e

e* e" ** ** ** ** ** ** 8"J f f r # P"I t a e d F'+Z
********e*****

se e= . es e- e- - e - em e- e - e- - e .. e , e. e e e.3 O p.4 f d Pd N N. f d f J f 4 "J f J f,J N N te
e*** * * * *q

P s(Jededf,

e e e e e e e e e a s e e e a e e e e e e e e e e e e o e e e e e a s .e e e e e e . e e e e e a i s
lef Igf Sgd 4aoesJ tag 8g )j o u c,d ha,d taf ta.d .bEI 18e tef. taf .ta.f 440, lid ted had led (a,f tad 1$$ Lad tid ,RM, o e.,d 4Ad 4.qd 4t,d ( %Af ASIindhad ta

480 448 554- eest 3 1u3 o o ,i o oot
MfLi e8

I fd e058 taJ, U I d a + e a e 's e N N e s e ii r o f e i .les tad .g.$ h4.ges est tes 46. s2,j< uont, es<f n n 4J n o e3 u n u n n..oo ei o t. o,3 o u u es (3 rs ** u e3 <i u
e'9" D Aboe |e eeod . o i .< o rfi e N - rst. 'sN -

, 89 *14J 43 e * * 7 i A e3 #8 e 3 '*3 4'3 e4 (5 CD e 9 e 3 PD Ft .t *$ 4 e t.b f 3 tJ Q P3 4 3 g,3 4 3
''" 80 GP (P th f.*3 g s3(A th 4.A 88 %.pp (A LA

(*'
8* 8 * 8.r,* 4.g' 48 # ^(iaI #* h 8*8* 6'

t) P% ft # 3 41 F4 4 4 fJ 4 J e 3 f 1 e 3 33.s W 4J 43 4.2 4.8 O $$ e6 43
.

8 8
es e e e ) s.J gJ c1 g3 (, tp e,3 gy g3 e a . g g 3 g3 g3 g g g up wy . g3 ,si gj ) g3 es Jg g, , .- e a .sp us,

G$. ta. E3. U. 44 4m3 43. O. 43 8.A. 4.5. SJ. 4. . . . . . . .
pe se se em en e. en pg g fg pg pg pg pg N N pg pg gg pg eg pj pg pg pg pg pg N pg pg pg [,

em se en en es se e= em om se e= es se en ese se we se se em om e of. (J. (J. 5:e. es. N. O. g b e e. e. 9". e. e, e. 4P. Ga. 4A. 4#" 4A. GA. (#. 4A. tb. EP. * *. E8* if* 4e* 17i ,e e e . . . .

, . .
| 9 9 A
j k # 0

== 4 6

e sig

|. C3 i

r. ,. %,, . e. . . e,, - n. ee e e .---e.-- f..e ..n,eN.
=

.Itad >

n,i
w o, ,., e, ,. e,, e,n, .,,, e,e r,, .. o., ,,. . , . , . ,. ., 4e , , .,. . .., ;4ud ... .f d e cd . - , , , , , o.6 p - t.3

!1

I
i

i

i

'|
s

.

|

-, - - -- _ , . .. ..



201

-ne------------------------
N.O.N. N. N. N. N. N. N. f.J N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N..WWWWWW WmWWWWWWWWWWWWWWWwWW 9

i .eP.J.......e... 9*......oe..................-. . e.e.. . e. e.e.. . . . . . . . . . . . . . . . -......e.......e.~.
.
.

. . . . . . . ..... . . . . . . .
N N tJ N N N N N N N tJ N N N N N N N N N N N N N N N N M *

----------.......----------n .e
N. N. N. N. N. N. N. N. N. N. N. N. N. N. r.J N. N. N. N. N. N. N. N. N. N. N. N. o.

9
e

ww wwww wwwwwwwwwwwwww wwwww e

M M i1 .M M M M M M i.! M M .M M M M. M M. M. .M .M Ei .H M. M M M. M
*

- .*e......... ..... ..... .... ..... ..-- . ... .. ---a
. . e. e. e. e. e. e. e. e. e. e. e. e. e. e. . . e. e. e. e. e. . . e. n.. . . . . ..o .. .....

. . . . . .NNNNNNNNNNNNNNNNNNNNNNNNNNNM e * .* .. . ======: === .gg.................-- ...----N ooocco
N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. O.e. c .o n a o. o oo.oo.... o.. . ..o ..wwwwwww wwwwwwwwwwwwww wwww .

EMMMMMMMEMMMMMMMMMMMMk!MMMMMM': .: 4.: 44 WWWJWe
..e.e..e ......ee e..... .... -

. . e. e.e.e.c.e..
. . . . . . . . . . . . . . . - .e > N.. w x-Nw

.

.......... . . . e. e. . e. . e. . e. e. e. ~.. . . . . . . . . o - wwwsr. . .

NNNNNNNNNNNNNNNNNNNNNNNNNNNM . 44 I
. mandM

Bu8 55 Buuxxxggeae: =g=- .----- .--..........-----N.
N. N. N. N. N. N. n. N. N. t.J N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N.

.
. e

ww wwwwwww www ww.wwww wwwww .

P..49...4...........PJ . ........
.. .. . . . ....e.......- . o. . a. . . . .. . -- e

. . .

. . ....
e. e. . e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. . e. e. e. e. e. n.. ww wwwww
NNNNNNNNNNNNNNNNNNNNNNNNNNNM e councouc

: 33g0388= .---..-------...............N. a. . a. e. a. a. .N, N, N, N, N, N, N. N. N. N. N. n. n. n. N. N. N. N. N. N. N. N. N. N. N. N. N .
.e .-N..
. .

MMMM.MijfHMMMMM.MMMEwwwwwwwww. . . M M M M M M. M M M. M M :
wwwwww wwwwwwwww w

M. C N o o . . .
.

............- ......

e.
......e........ ...- e
...pe.. ........ e.. . . . . . . e. e. e. e. e. . . ~........ > gwww

. . . . . . . ..... . . .
.

.,wuu me.

ggggwgw~LNNNNNNNNNNNNNNNNNNNNNNNNNNNM e
- ~.....---...--... ..---. -..., ;

N. N. N. N. N. N. N. N. N. N N N. P.J N. N. 9.d N. N. N. N. N. N. N. N N. N. N. p
e

e e . .
wwwwwwwwwwwwwwwwwwwwwwwwwwww e. - ** . - - e ** ts e e .N N N N CJ N 9J 9 4 t o N N tJ tJ N N CJ tJ N N N N 94 tJ N tJ eJ N N

e. .t J .t e .t s N r J .N .N .N .N .t J .N c s N .N .t J .tJ .N e b N tJ N .tJ N .N .t o .n .n
.e o. o. g o. o. . o. en. a. o.PJ - . .. . . e. e. . . . . e . . e. e .

e.e.e.e.e.e.e.e.e. . . e. e. . . . . e. e. e ..e.c.e.e.e.e.e.e. e.e.e.e. e.e.e.e... ~ .
e wwwww.wwmew
e coooneco*Nu
e conoo ooe a

N N N N N N N N N N N N N N N N N N N N eet/ N N N N N M e opoco ou o
*??*? *? ?e..wwweeeeeeew--eweee-weeeeN. . . .

. **-e***e= WM .
N N. N. N. N. N. N. N. N. N N. N. N. N. N. N. N N. N. N. N. N N N. N. N. N.e t s s e . e

.wwwwwwwfwwwwwwwwww.wwwwwwwwww
W E" ' N - 2 w w 4-|;W w % *.M M i.i .M M M M .f1 M M M M M M M. .M M M M .M M M M M M .M M M :... e..... ... ..... .- .. ~w --.- -

. ....... ............. ...-
e
. MM MWWOMMMM.P.e.P.e.b.e.e.. . . . . e.. P. . P.. . . . . e . N. . . . . . . . . . . * * * * e QGOOOdmMMWW

N tJ N N N N N N N N N N f4 N N N N N N N N N N N'N N N M e

........--... -------- ..--N :
N. N. f.4 N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. O.

.

3..... - S....
.n . o.o

M M M M. M. M M. M. M. M M. M. M. M. M M. M. M. U N M. U. M. M. M. M. M. y.
wwwwwww.wwwwwww wwwgww www. e

.A : aaa **aa
- e ooo ..oo.... e........ .........- ooo ooo...............*e..e..e.....e..~ o o .o . ..N N tJ N N N N N N N N N N N N N N N N N N N N N N N N M . e ..

goo.... . e.e.e.e.e.. . . .... p
. . . . . e . ... . ... . .

'" "**
$..eemowee-meme-ee.-eemmwee--N e

N. N. N. N. N. N. t.J N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N. N N. N. N. o.
.

>ML > >e . e
- - - - . ,ww www wwww.ww wwm-wwwwww .. . .e ** N >= d e

M e.3. m
-N N tJ N f J N N N N 94 N tJ tJ N N N N N N N N N fJ N N J N tJ .

M. . --M .a M
rJ N ed .N N.N .N .N tJ N tJ tJ 9J N N.N N N N N t.J N N N N . tJ en .e & Am>> >>d as.-e. . .@..........p..e........... .e.

...... ...@.- . wwWMMM MMM D4
e.e.e.e.e.e.e.e.e. e. e.e.e.e.e.e.e.e.e.e.e.e. e.e.e.e.e. m. .

.
NNNNNNNNNNNNNNNNNNNNNNNNNNNM e

: emepe.ewe-emeee-weeeeeeewm.ee -eweN.
N. t.J tJ N. N. N. N. N. N. t.J N. N N. N. N. N. N. 9.J N. N. t.J N. N. N. N N. N . o. u po..oe

e .e
e. s Wm WWW.e e e e

WWWWWWWWWWWWWWWWWWWWWWWWWWwW-

PJ to . e r . e t N t O oo o r. o

N N. t'J t& VJ tJ .f'J. tJ N N PJ f. f 4 N t a tJ tJ t'J f f te f o t . t& N N tJ t h fi.eN t J fJ t b N t e tJ N t J 96 H t s tJ N fi t e N t 4 N N .A no ooo
e ao ooo............Pe......e..-

e.e.p
....... ... MG G. D. @*

-

.P.e.e.e.e.. . . . . . . . . . . . . . . . . . @ e.. **.e.. P.e. . e.. e.P.e. P. . P. e. . ~.. .. . . . . we gwp.

NNNNNNNNNNNNNNNNNNNNNN9JNNNNM
- e .

W ! W5w
.- a m

wG 3 u: : w s. .
. . war w

e ammmU a.e e
N 94. . .O *f M N - O @ G@ tu. . .M .f 89 O$ ** o e N 94. @ .O er 91 N P e
N t J N tJ N N N tJ N - - - - - - - - - - e



202

)

|
|

|

|

s= eJ eJ N N e# PJ N PJ N el eJ N N Pa N N N N N N PJ eJ PJ N N eJ N PJ PJ ed ei eJ PJ PJ PJ N N PJ P A el eJ PJ ed eJ es ed eJ PJ e t
M cooooooooooucacoooooooooououoooooooucoucouunnoustoo
q e o e e e e e e ***e e * + e e e e e o e e e e o e e e o e e e e e o e o e e o e * * * **e e o

.E o M M M e E.) *J eri en f J PJ M e*1 M PJ eJ e D @ @ es e O was mas 43 W 90 N rs N el D) e e u o a ew w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w w aw us.w *w* ess w w w w
n

e J e J en M M Pg.J o. @. g @ es1. @. e t. f 4. **. **. e=. em. *=. e=. e=. em s"e e= ,=. s=. e. e. e=.e==. e* *= r=. **. e. *=. **. om em. gy g J. N. N" ("J. c'4. PJ. N. N. ( J. (J. ( J. g,t .O we3 @ m3> . . . . e . e . . . . . e J. e J. ed. e J.
8

meeeeeeeewwweeeeeeeewwwweeeeeeeeeeeeewwwweeeeeeeen

N N N eJ N N et N eJ N N N eJ N fJ N N N eJ N N N PA N N eJ N Pl eJ eJ es N N N N PJ PJ N N eJ N eJ e# N ea fJ N ed eJ Noooooooooooooooooooooooooooooooooouoouoooooounocuo
2 w w w' w' w w' w' w' w' w w' w' w' w' w' w w w w w w w w w w us w w' w' w' w' w w w w' w' w w' w ke w w w w w w w w w' w '

* * * * +* * * * * * * * * * * * * * e * * * * * * * * * * *

8 o - - - n M en o - c o - - - o o M e,, N e - s

o. c. c. c. M. e. <. o. e. <. n. n. e. n. n. n. n. e. n. n. e. .J e.n .< < n e% Q o N M w o es - M .e en .. o.N.N.N.N.N.N.e. w. m.e.d.e u e,# e m e o N.
.a

u . . .ww w e.e.e.e.e.e.n.o.o.n.O . . .

44444@@@d4449444449444494444449444444444444444M@@@

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
k coooooo.oooooooooooooooooooooooooooooooooooooooooooo e e e e a a e s e e e e a o e e e e o e e e e e e o a e e e e e e e e e e e e e e e e * * * e awwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

ca f f W N e M s a N M f J ed N N N N *= o e a) r% v2 =ss @ d e W W M N * * O e s ) W rw 4 e3 4 # M f J N ~oe*

@ d. en. en. es1. =e7. N. o. ". ed. f J. ed. ed. PJ. f 4. ed. PJ. N. s=. **. *"* *=. *=. e. **. =*. **. *.8'". ". s'* *== ** e. o. o. o. o. o. o. o. o. o. o. o". o. o. se. f.0 e Js. ce.u . . . . .
N ** * *"" ** ** ** eJ N N N eJ eJ N N eJ eJ N N N fJ fJ N N N N N N eJ N fJ N N eJ N N eJ N N N N N PJ N N N N ** *" s'"

N @ e2 M M M N d o W M N e m e N d N e e d o e M N N d N M e a c N N eJ M M M 4 + N M N N N PJ f M W N A
a. d. ". d. ". W. W. @. N. W. o. ". M. w. e. b. e. o. N. M. e. @. N. e. o. u. t. w t N. e. o. N. M. e. w. W. e. ". M. e. h. e. ". e9. C. N. e. f J. d. N.

w
w .

w NeeN=eeNdeceMueopecNemeMMNanemmhec#MNeJenegeNece#MN
N *****ooooooooonopeeeeeeeempeoweewemmeggeNNNNNNNNNN

eeeeeeeeeeeeeeee

a moonoecoconococoonoconocoaccennoonocoonocoonnonnno
z o o o o o o o cs o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o u ts o u
% e e o e e e e o e o e e o e o e e o e o e e e e o e e e o e e e o e e o e e o e o e o e o e e o
T wwwwwwwwwwwwwwwwwwwwuswwwwwwwwwowwwwwosw w w w w wtw w w w w w w w
o o o c2 o o es c2 o n o o u o o o o o o n o o c2 es o o o o o o o o es o o o o c a u c2 o n o u u u es c e e s o e e

o. o.o. o.o.o.o. o.u.c.o.o.o.o. o. o.o.o.o.o.o. o.o.o. o. o. o.o.o.o.o.o.o.o.o. o.o.o. o. o.o.o.o.o. o.o.o.o.o. o.
ooooooooooooooooooooooooooooooooooooooooooooooooon

% o * * * * * N N N N N N N N N N N N N N PJ N N N N N N rJ N N N N N N N N N PJ PJ N N M M M M M M M M M
"Y ooooooooooooooooooooooooooooooooooooooooooooooooo.o.34 e e e e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e e e e e e e e e e e e eur wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwsswwwww

wi e o et e N .n m. e wo e wi e3 N ei esi eg en # e M c2 en + c4 e w in et M .r so o a m r,. O o ej M - et - in M i ut oi s i 4
a.4.e

N. M. M. oJ. P. **. e. N. u. e. M. N. e. e. e. e. w i. e3. **. en. en. wi. a. N. on. w. e J. an. N. eo. N. et. w. e. en. e. e. ce. si. m. e. o. es. h. e. w. N. ea. w.e W.>
M fJ N e w "em M N N 4 cc e 4 MMM + g e < mm e MMM Mme e ttJN NN wee w n m6 4 4 eme de e e e e e e e o e e e e e e e e o e e e e e e e e e e e e a e e a e e e e o e e e

% oooooooooooooooonooooonnoooonoconoconnannennononno
=M oooooooooooouoooooooooooouoooooouuocouuuocooooooou>g.+e e + + e e e e o e e o e e e o e o o e e e e e o e o e e o e e o e o e o e e o e e e o e e em tw ow w w w ene sea e s i.e w w eaa w w w w .e.J sea w w i.s t.e w w w gas e., w e e w w n e e.4 w w ene w eas ea w to w a.s w *as w m.s w wo e.

.a es o o o o o o o o n u o ss o u c ca cs cs cs o m o cz o o n u o c o cs u n o v o o o o ca rs o n o o o u ra nww o.o.o.o.o.o.o.o.o.o.o.o.o.o. o. o.o.o. o. o.o.o.o.o.o. o.u.o. o. o. o. o. o. o. o. o. o.o.o. u. u.u. u. u.u.u.u. u. o. c.
'

n-,
E oooooooooooooooooooooooooooooooooooooooooooooooooo

% eJ N M M M M 88't M M M # # @ @ @ # # @ f d W # .? # d d @ d W 4 4 4 f @ @ + 4 & d # en m in en en en en en en en
~Y o n o o o. o o o o o o o o o o o o o o. o o o o o o o o o o o o o o o o o o, o o o o o o o o o o o o o3 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a s e e e a e e e e e e e e e e e
o. wwwwwwwwwwwwwwwwwwwwwwwwwwwswwwwwwwwwwwwwwwwwwwwwww

w - N o2 o ut o en M N o w.o M en .o M en o ej ) o o so M N ut c2 e teih in e N v) e e e en c4 co w.M e% ei w => N co es
w ** eQ M. e3 6. o. e. eJ. o. G. N. o. w. cm. en. N. e3 4. N. o. b. en. eq ". e. e. wi. eq N. o. cm. N. 4. en. f. M. N. **. O. en. en. cm. e. es.e b. e . to. @. M.Xw

qu . . . . .

E f e N m M N N w p * m N N d e d e e d f d M M M M PJ PJ N N eJ N e w p * * * * * w e M e N e m e t M M
e e e e a e e e a e e e a e e e e a e e e e e e e e e e e e e e e e e e e e e e e e

g w e = = w w w - w w w w - - - - w w w N eJ e w w w w - w w w w w N w - w N e w w w w w w w w w - = *
at c. o o o c o o n o c o n o c o n o c o n o o o. o. o o o o o o o o o o o. o o o o o o o o o n o c o o pw e e e e e e e e e e e e e e e e e e e e e o e a e e s e e e e e e e e e e e e e e ep
o. w W W w W w W W W W W w W w W W W W W W W W W W W W W W W W W W WIW W W W W W W W w w W W W W bdW We#

* O en Q rm ** 0 e] N O e M en e,> *e en e * 4 o en d u e4 cm N d nn * W =0 e s t ee n * * f A rJ. O
@'* @ f. N. o. @. W. o. N. w. o. N. M. e. o. M. g f'* f J en f* @ N. e. w. d. M. c. N. W. N. M. N" N. w. o. e'4 eri 4 ''* N ** -f N 410 J e%. c. o. c. o. M. o. eJ. N. J. M.. N. N". ". e.Mc

. . . . . . .

b b
e e e e e e a e e a e e e e e e o e e e e e e e I

wppepwMepWpewMwppwwwww=ppppreppeppeppewwpppppppppe
>
w

MMwpppppppp=MpeppMMMwepppewwwwpewwwwww wwppppMPwpp

o o o o o o o o o o o o o, o o o o o o o o o o o. n o o o o o o o o o o o o o o o o o o o o o n o c ow e ++e e e e * * * e e e e e e e o e e e e +e e e e * * * e e o e e e e e o e o e e e o o e o
E wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwuw
w es c o ca rm o u n cs o o o c3 o cn n es o o o o o o ca o o c> o n c> c3 ca n o u c o o n c u rs o n u u o n n o
>

o. o.o.o.o. o. o. o.o. o.o.o.o.o.o.o.o.o.o. o. o.o. o.o.o.o.o.o.o. o. o. o. u.o.u. c.o.c.o. o. o. o.o.o. u.o.o.o.o.o.a wwwwwweeweewmeeweweewwwweewwweveeeeeewweeewewwwwww

** ** " ** ** ** * ** ** N N N N N PJ e A N el el eJ N el N el N PJ PJ PJ eJ N PJ N eJ N ed PJ e# PJ PJ el ed N N e8 eJ el eJ N P8 eJocooooooooo,oooooooooooooooooncooooouooooooooooooooe * * e e e * * * e e e o e e e o e e e e e o e e e e e e o e e e o e e e o e e e e e e o + e e o
one w had and sad and h4 had ead eaa tad and has led 16 tas eeJ tad eaA t.d be 4.e ese n J SaJ ead %.4 &bJ 4 4 eeJ the had ead tw %AJ Led ese the Led ned had L.A 4eJ bed tad and led cof tes 4 4

6dA c3 o o o o u o O o o Q o o o o a cJ c 3 o c3 o *3 o o o o o o o o o e2 r3 ce o o o o o s 2 o o e'3 ca o o o o o o
E o o CJ o o o c) c3 o c.3 o o e4 o o c3 o o r3 c3 o c3 r3 o o o c3 o o c3 o o o o o o o a c.3 c1 O o o o o u o o es c3
ei.e o o c3 o o o O o o o c3 o o C7 o o Q o C3 o u C3 c.J C3 C3 o o o o o o o C3 o e o o a o o c3 CJ n c3 *1 o o 43 o c3
e'* a o. o. o. o. o. o. o. o. o. *". ed. eq @ en. e. N. eJ. (A. o. **. ed. e9. T. en. gns. N. 00 0'* o. **. N. M. d. en. @. e%. en. e. o. *'*ef J. eq v. en. 4. N eJ. P o.. .

h J . . e

" N M f e d N e e n " N M J m me N e e n * PJ M @ m M N M m n a el M + m e N y e n e es m e m e N M e o** *" ** ** s'* " ** ** * e *" N ed N N ed ce N e a f J f J #9 09 so no e4 M M M P , M f f g @ W W v v v # ee)
Z

emesessmeeeeeeeeeeeeewmemeeeeeeeeeeeeeeeeeeeeeemme

_ __



203

N N N ee N N PJ e# N N N eJ N N N N N N N N N N N N PJ N N PJ PJ N N eJ N eJ N N eJ N N N eJ N es eJ N N eJ N e I N00000000000099000000000000000D,00000000000000000000
e e e e e +**e e o e ******* ** ** * ****e e e ** * e e e e e * * * e + **e * *

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWueWWWWWW
N N N e3 Q Q M t1 M m @ @ @ @ m m m m m @ @ m m P @ @ @ @ m @ m @ @ @ @ e (A P @ @ m @ @ @ D @ (A @ eh en

J.e ' N. N. N. f d. N. N. fJ. f d. f d. N. N. N. f 4. N. N. N. N. N. tJ. N. N. N. N. N. f d. N.tJ. W. N. N. N. f d. t d. ed. t J. N. f d. (J. f d. N. N. f A. e J. N. N. N. N. 64. e J. c4e
y wwwweewpppeeepepeweepeweemppewwwwwpereeweweeeeweep

N N eJ N N N N N N N N eJ N N eJ N N N N N N N eJ N N N el e 8 M N PJ eJ eJ PJ N N N N ed e# N N eJ eJ N e e N N N N00000000000000000
G O O.O O O O. O O O O O O O O O O O.O O. O O O. O. O. O O O O O O. O O6 e e e e e o e e o e e e e e e e e e e e e 4 6 e e o e e e e 6 e e e e e e eg WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW.WowwwA W1 en viN @ O * N M M W f W f en ui en tai efi en to en IA GA edi W3 to Mi en eA en In K)IA eA se t en eri tA M eA en Wi th .A 4A en en uU
O. O. e. . e. e. n. e. n. e. . e. . e. r. n. e. . w. e. e. e. e. e. e. e. p p e. e. p e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e. e.u . . .g MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOON e o e e e o e e e e e e e o e e e o e e e e o o e e # 6 e e o e e o e a e e e e e o e e e e e e e eO. WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWwWWdqdedW4f4fddd4444d.*WWWe N @ @ eA atieh eft en d f f e d 4 + 4 f 4 4 4 4 4 4 4 4 4 4
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@.@. . . . . . .

p@@@@@@
. . . . . . . . . . . . . . . . . . . . . .y wwwwwwww-weewwwwwwwwwwwwwwwweeeeeewweeeeeeeeeeeewe

NMfMfSPNO@Ne@NfGWMMOM@fNeM@ffMNo@NdMO@M*M@fNOMMMw@k
@ N. f. h. e. N. f. N. O. N. M. M. O. M. @. @. e. t. h. C. N. M. W. e. f. @. e. f 4. M. e. ". f. @. e. N. M. M. O. M. @. M. e. f. 6. O. ( J. M. W. e. M.'W

W
J epOPMMN@@MfMMNeOOpeqh M M d M N eJ e O O @ M N N @ M M f M N N P O O @ q N N @.

P N W h @ @ @ @ @ @ @ @@ @ @ @ @ @ MM usM MMMMMMMMMffffffffffffffMFeMMM

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOD= 00000000000000000OOOOOOOQQOOOOOOOOOOOOOOOOOOO,OOOOQT ** * e e e e e e e e e e e e o e e e e e e e e e e e ***e * * e e e e e * * * **e e.e e + e
5 WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWweWWWZ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQteOOOOG

O.O.O.O.O.O.O. O.O.O.O.O.O.O.O.O.O.O. O.O.O.O.O. O.O.O.O. O. O.O.O.O.O.O. O. O.O.O.O.O.O.O.O.O.O O.O.O.O.O.=
x OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOg

M M M M M M M M M M M M M M M M M M M f f f f f f f f d f f f f f f f t ee f f f f f f f f t e f d MN
=M OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOe o e a e e a e a e e a e o e o e e e e o e e e e e o e e e e e e o e e e a e e a e e e e e o e e23 e

W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W w w w W ed W we W W W WQE N * @ 03 M N M @ P. @ (A en C f P% ** P. ** .d M @ * u) M @ M PJ @ O @ @ c .e3 P. es * N v3 *= 4A O e 3 to en se e f% M .* e=J

J. @. e. t10. @. M. f. f. f. f. M. M. M. N. e. w e. O. M. O. M. N. M. f. e. e. d. e. e. M. N. P. @. M. O. M. O. N. O. N. M. f d. O. M. @. f. f d. e. d.M
f, WMMNN"*"ae * * * * * * * "e e 4. s e e e e e e o e e e e e o e e e e e e e e e o e e e e e e e

e ww@@MMWNN@@@MMMffffMMMMNNNN*****@L
e e e a e e e e e

gSOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOON
"M 9900000000000000000000000000000cOOOQQOOOOQuGOOOOOO

* * * * * * * * * * * * * * * * *****e e e e * * * e e * * ** * * e e e e e e o e * * * e e
Mg WWWWWWWWWWWWwWWwwwWWWWWWWWwwWWWWWWWwwwWWWWWWWwwWWWO. OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOuGOOOOOOOwa 900000000000000000

O. O. O. O. O. O. O. O. O. O. O. O. O. O. O O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O.MW eMy
E GOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

@@@@@@@@@@@@@NNAMMMMMMMMMM@@@@@@@@@@@@@@@@@@@@@@@@00000000000000000\ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO=
e o e e e e a e e e o e e.e e e e e e e e a e e e e e e e e e e e o e e e e e e * * e e e e e e o e3 WWWWWWWWWWWWW

W W W W W W W W W W W W W W W W W W W W W W @W W" *W W W @W W W W W W W W W *W* P% P. O PJQ M @ @ P .* N e e) ** eA M N en N O N @ em en W M M e fJ O W N IA N W3 M O eQ M @ O " W @ e7 @ O.

MW W W P. N. M. f. . ". P. O. @. O. @. N. W. M. N. @. N. #. M. O. N. d. f. e. @. @. f. N. @. N. f. N. O. N. @. M. M. O. W. @. f. M. M. fJ. f J. @. v. f.
e.

gy NNewee"we"SeM4NNN@@@e@MMMMffffMMMMMNNNNN""ww"N"NNN. .

& e e
e e e a

e wwe r ee p www w e p p w w w w ww w e p w w e pp e e pe wee p e p w w w ww w e e wm e w%
* y' OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOe e o e e o e o e e e e e e e e e e e o e e e e a e e e e e a e e o e o e e e e e o e e e e e a e eJ WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWCD @ < < @ - N O M m ew n @ @ e eA N @ N M M . N P, @ N . - N - - O ,, O - N n o # @ @ in O O N - v e, P- N-v

O. N. O. W. N. ". O. M. e. @. @. M. O. N. e. M. . M. W. f. M. f. N. M. M. ". M. N. ". N. W. M. N. P. N. M. f. N. @. @. f. 6. M. f. e. W. @. Q. O. M. P.MO
> g WNMP@@NSW4@@fMMPMMM@MMMNMTeNNe"eNNNNNNNNMfMMfMPMMNMe a e e e e e e a e e e e e a e a e a e a e e a e e a e e e e&

weeeeepeeeeepepeeppeweeeeeeppeppeeMPwwwwweeeepwwwe
W

!

eweeweewwwwepewepeeewewewwweeeeenweeeewwwwwepewowe
O O O O O O O O O O O O O O, O O O O O O O,O O O O O O O O h C O O, O O O. O. O O. O O. O. O O O O O O O. Oe * * e e e e e ee e e e e ee e e e e e e * * * * e e e e e e e e e e *

e y wwwwwwwWwwwwwwwwWWWWwwWwwwwWWWwwwwwwwwwwwwwwwwwWWwe OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOW 00000000000000000
O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O.W

g eewweweeeeeeeeeeewwweveeeeeeeeewweeeeeeeeewwweeewe
S N N N N N N N N N N N N N N N N N N N N N N N 9J H 94 MNNNNNeJNNNNNNNNNNNNNNNN'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO,OOOOOOe e e e e e e e **e s e e * * o e e e e e e s e e e e e o e e **e o e e ee e e e e e e o e

WWWWWWWWWWWWWWWWWWWWWWueWWWWWNWWWWWWWWWWWWWWwWWWWWWj DOOOOOOOOOOOuGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOy OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQuCQQ. s

e' M
- SOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

P. N. M. f. M. @. N. M. e. e ". N. M. f. M. @. N. e. @. c. e. N. M. f. M. W. N M. P. o. e. N. M. f. M @ N. M. @. e. e.N. M. e. h .e @ N. e. @. @.M e .

N Ne @NO$M bbbb bbbb5N NN e . N@@@@@ @@@@

eNMfM@N @c=NMfMdNM@SeN'MfM4NMPO*NMeM@bM@opNMfM@NMPO
M MMMMMMM Md@@@@@@@@@NNNWWWNNNWWWMMMMMMMM@@@@@@@@@@c

e x
e m m e s s e e e e e e e e e e e e e e e e e e e m m e m m e m m e n e s s a m m e s s e m e ss e m

a

(
r

1

f

, , - . - - _ _ . _ _ . - - -_ ,--- - _ _ , _ _ , - .__._m- . , , - , , _ , ,, .r .



204

N N N N PJ
OoOOO
e e o e e

nas tea taa nas saa
J e cm cm em cm

(J. N. f J. f J. N.
nas
> em e* e= e. e=

N N N FJ N
GOOoo

4 e e e e e
4

5 an in e i .a .nad
taa w tad W

n
u

.....o
Inineninin

M M M og M
>* OOQGO

e e o e e
taa nas nas nas nas
44d4W

EP. Un. e. e. P.y
**e-,=,=e*

be e0 rg to M e-

W @ N.en.e$.
ten
tad . .
*J en&4MN
e= e''l M M P"l M

= OOOOO
T pocou
5 e e e e o
T tas nas nas nas tas
O O O O ca o
-

G. O. O. O. O. -M
g OOOOO

N en en to te en
~M OOOOO

o L(3a e o e e e
tea nas nas nas aa
o f d rd@MV"w .J

X tad
. s eW.og >

L 40 P= 4 en f.
eee
e e e

e e e a e e ee
e e e
ee e

\ OOOOO e e
*M coQco e e

G E'R
>e e e e e e a en e

taJ tas nas taa t J aoe
OooOo e e e

.X4e.8 o. G. O. O. Q. 8 tad a
g> eoe
L 00000 *O e

e e. ee e
e en e

% em4ee@ s s
*M 90000 e se e
D$ e o e e e eMe

.# # f J "86 o M e (f.)
Q4 naa nae tae had taJ e

eG e
X tad e*

"* O. en. f. ,a saa eg> . .

eZe
a

m e*=**-==
e E e t 8 *=e a

eEa
o ** e

% **e=e'***s'=
.a ee e-g O O O, O, .seO

a e e e eo D. tas tae see nas sea eOe
u O M <> C.* cm o == e
O @ W CP. f"t. d.. .

e e
ece

N d d an t.s e saa e
a e e eZe

e (.4 e
e 45 e

e** e'* ** em p* e tse e
>= eMepe e e

eZe
e nas e

em sa p* pe es e med e
OOOOO O (D e

nog e e e e e e e
E tee w tas ta,las eee
me nooua e =t a

O. G. G. Q. Q. eZe>*
g e e

em e* p* e* e= e ned 8
e >= e
e og a
e >* e

P8't M M M M e 4/b e
OOOOO e e
e e e o e 4> 9
tad 648 648the tad 8 Oe

taJ oOOOO e e I, ee*
E OOOOO e
ee = N M e an oee
>=

O. O. O. O. O. OMe
e e

em p* p* es em a e
S ee
ea e

e* PJ M .F te ee e
>= OOOoO e a eg e-o r* no ** e= ea e

amemo use

_ _ _ _ ___



jn
Ek

. . 000000000" 030003
, . . 00C00CC0C0C0000C
- . * * * * ***+* * * * * * * *'.

! 0000 0030CC000000C]0C

. EEEEEEEEEEEEEEEE
E 1100 . 00 0O000C000)C;C

. K. t * *** 6 o000C0000000J0E3CS

. TS EEEE 0 . t0000030C00CC0OG0

. AU 8500 - . 0 0 0 0 0 0 0.C.0 0 0.C.0.C.C.0. RI 9900 E .
ES 9900 4 . 0000000000000000

KFL 9300 0 .
. LtE 9900 4 . 22444544*3333333

UEC 4400 3 . 000000C000CC0000
. BT( 7 . - - - - - - - - - - - - - - - -
. . 2200 5 . EEEEEEEEEEEEEEEE

. 407342%5059195;2. .
. 5 S732003712643333
. 9E604627305530033
. . . C451377463350350
. . M . 4630625000483727
. . E 1110 U

R 0000 S 3333121471112233
Ul * *** L - - -
TS EEEE D 2234454353333333

1 . EAU 8300 0C000CC0000C0000
0 GRI 9990 . - - - - - - - - - - - - - - - -
0 AES 9990 . EEEEEEEEEE!1EEEE

RFL 9990 81153!3157i2;1120 .
0 . EtE 9990 7947105216 $ 517 3 '

. VEC 4440 . 84944527102019330

. ATI 9937343641S1?770
3 2220 4256611075333333
s . - 5615275112345678
o . . - -
I 2234543333333222

0000000C00000020
. 6660 . - - - - - - - - - - - - - - - -

0000 . EEEEEEfEEEEEEEEE
* ** * ll l . 627996:925357;4;

5 . Y EEEE cc c . 8771271165911;11
8 . EP 4440 EE E IlBII I . 772747952c9265317
/ . GLI 2220 SS S TiTTT T 2S679624130525:5

6.O.7 8 4 7 3 2 3 5 9 3 9 0 2 30 . 6AG 0000 // / TTTTI T
3 . RHK 5550 GG G AAAAA A .
/ ET/ 7770

I
K WWWWW W . 5623151234573111

9 YNJ 2220 IKK I I((II I

. 2234 *33353322222

. - -
0 AE(

1110 06 6 00000 0 . 00000C0000000000
: . 00 0 00000 0 . - - - - - - - - - - - - - - - -
D * - - ***** * . EEEEEEEEEEEEE0EE
E EE E EEEEE E . 7S32C45707463305

0 000 6 2C959541122153361 01 1 0%005 6022773057139213;A 05 5 0
D . 1200 01 1 03003 0 . 37739026910i455;

13 5. C. 3 4 5 713 5. C. 2 4 6. .
P . 0000 07 7 02006 4 .
U . *** * 03 3 05000 5 .

. 5531612356R11111. Y tEEE 09 9 0 1.C.0 1 9
T ETl 800C .
S GIC 9000 01 1 03007 3 . 2234333333222222
A . ACE 9000 - - - . 000C000000000002

s sas s s - - - - - - - - - - - - - - - -L . ROS 9000 = s
t iHttCN i

1!4 Z30553;7;23'
. EL/ 9000 TM EEEEEEEEEEEE;2EE

VEn 9000 3U n DUURU M .
AVi SS u ECSUE 5 5 3 6 3 C 10 3 5 0 5 * . 51 i 7,4317:213:5;0L .

. 9100 AO S D!HOL S . E7:~
_) . - fL O IISD L 1651;496317):3:C1

_. OF L EQQE D S 4 5 9 5 4 4 618 7 0 2 5 7. t. 20
. F E c3 - - 4437123568111112

4 T C . o
0000 O R . c 2233333333222222

8 00C0 S U E C0C0000000003s00
1 . D * *** A O S - - - - - - - - - - - - - - - -
- E EEEE M S EEEEEEEEEEEEE:EE

! . YCl 0000 I

Q 3 3321623515' 37931X T 0000 D
417 5 5 C 3 3 2 3 0 0 3 715'a 35206C 0:055714t- . 0

h . GUi 0000 2t . * 7

m 6792014970146.C.13
1133224330004335N . ROT 0000 L E

D . Et A 0000 S 0
C . N0W 0000 N . 5

0 3331234579111122EC( I . .
S 0000 Q . .
D - . 1 . 2233333353222222
N M

m
00000000000000cC
- - - - - - - - - - - - - - - -7 O L
EEEEEEEEEtEE1E2:S . E5 C

: :
I I 6340177317745 :;

. E N M . 9302773 03001050
NN3 S 6600

:

IIH - .
0000 OO: E . T 3294450313045:7t54

63001463302 55:4. 3 D * *** N 735522424213'
1 * T 6900 I AAI D A 1 .5 7. C. 24 . 0 E EEEE O TTC T T

E YCI 7700 T RtT: E . 2231234579111122
. 0 GET 7700 . A . UuAE D . N a

. O J 2233333333322222E . 5 RNT 8300 . t . GGRU I

. I 000000000000CC0Cf: 0 EI A 5500 L IIUDI .
TOW 2 2. C. 0 G FFGI : T - - - - - - - - - - - - - - - -I .

. I . NNIS Y C E EEEE5EEEEEEEEEE;T . 1 ECE
. 6600 . F : OOFE G . E N 37113941766332;3
. - . N S CCNR R R A 39566733156L0531
. E . O S . O E I L 2709 230945117103

M C A :OOCS N . D P 9 3 4 C 9 S 0 0 5 ',6 5 210 0
5 I M E ETT S E . - 8 9 6 3 8.t.6 7 9 3 2 0 2 4 6 73 . T : O C TNNNA X J
/ . 0000 E ET F N AIIIn F 1121123457811111
3 . T 0000 C TN O A R H O . N T
1 . A D * *** N AI L DDTO . I N 2334333333333333
/ . E) EEEE A R N A NEEIT N . A 000000C00C000000
9 . S TC S000 L D O B OTTH O Y T - - - - - - - - - - - - - - - -

. E CE 4500 A NE I ICC E I T S EEEEEE1EEEItEEE2

. C ES 7700 B OT T Y TEUDU T I N 41330531210' :741
: . N SN/ S300 IC A G ANOED A C O 3455755122793350
E A S G C000 S TE V R L tT V O C 149033353012473C3UO0AS R L 23493112153052I5T L AOL 9900 S AV R E
A . A MCI A LN E N CCRS E . E . C. 9 4 6.C.5 0 4 3.C.9 0 7 2.E. 93D . B 4400 N UO S E EE S . V .

1 2. - CC N 1YYNC N . 1917112234456739
L O e CGGEX O . :. L e.A CS C . ARRGE C . .

B E . CS . EE . ) . >
* C CR . AA L . YNNYY L . S . -

. L AE 1234 M A . GEE 3G A . / -
a. G FB S B . R RR S . M I

RM a tsa s . ST O . E O . ( .dTTEN. LU NINH . AE L lEEl L . .
. SN MH G ENHEE G . L . K0937654321073745
. . U 5444444444433333



206

O O O O O C'D O F3 O C3 O O O O O O O r3 O O O O O O O O O O C3 O O O O O O*********"*****=***=*=****'''*"*****
O O t 3 O 62 O O O O O O O o C3 O O O O CJ O O O O O O O C3 O s.3 O O O O CJ C3O O O O O O OC4O O O,e4OC3OC3O
e e o e e e e o e * * e e e e e e e o e e e e e o e e e o e o e o e e e e e e e e e e e e e e e e e e

|
had w eaa ta# tea w too had tas 4.s taJ ted nas saa tea ted tad tas taA sad has tea nas ha tea 4.J taa nas taA tas taa tad w tad C.s M e * D ** d Q ( 4 tw esi (* e , P . ** f a L.es. ei 'taa med Las W taf eaa Les see w w w tad eas n e n.e s' 4.e 6.J

er 9O O O O O C3 O O O O O O O O C.a O O O O C3 C3 O O C3 O C'S O CJ (3 O O O O O
O C3 O L3 O O C3 r3 O C1 O O C.s O O O O O C3 e.2 O 63 O O O O O O O O O CJ O C3 C3 %43 to P en 48) G .-3 el as) s.1 s p P1 m N e i s.) *=

C3 O C3 O O O O *"3 O O O C3 O C3 O C3 O CJ O C 3 CJ CJ O O O O O a.3 O O C 3 O O O O O a J ** O ** ** ** ** e a rm tw s - ** .e *= to e O

O O O C3 O O O O O O O f S C1 O O O O C3 4J O O O C'3 O st C3 O C1 C3 O O C3 O O ** es e PJ f J 4' a PJ f J P a e' f ** ** *"* *'* C a O = * s 1 1
I

O. O. O. O. O. O. O. O. O. O. O. O. U. O. O. O. O. O. O. O. O. Q. O. O. O. O. G. Q. O. O. O. O. O. O. O. N. rd. N. t J. f J. f J. f J. g J, OJ. OJ. N. 04. t J. ( J. **. * * '''.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O P= P= P= P* P* P* P4 s% Ps r% P% f* P% N P% Ps N

M e6 M M M M M M eri M M M M M M M + e'9 M M N e4 PJ N N PJ N N N ''' *= s'* ** ** O*=*****************=='=*****=""L3O**O O O O O O O O O O O O O O O O O O O O O O O U O o o O C3 O O O O O OOOOr3OOOOOOOOOOO
e e a e a e a e e a e a e o e e e e e e a e a e e p 6 e e e e e e e e e e * * * * e + e e e e e o e *

&as nas taa has e.eJ taJ Lea had taa e.a# tad Lee taf L.J Lad w naa had taa tea saa had tas taa tad tse tea tad tad tea w w tad taJ ted Las 6as tad taa 444 tea las saa tad has ses t.J naJ t=e n J tad 4.s
J e3 4A te (> ej W f J O tm CP CJ *14A rpt O fp OfJW tlO P%.** N ** 6 ) e% 4 * * E J ta i MW ** ** *" f.e M *= 4 eti O NW *"" =O =as. O N lA P%f"' of I wi *'* ** M 93 6)e

ti M f J s'* # an er C3 P%@ ** a u t e r= e ol M t- es M tai o est e%
(> *f4 M vt s= f% t'3 @ "O M .t *= t% O O CP '" to ''* O N + o Ern# N (m 8'3" @J N e) PJ

eO se) si r%*- a = P 8'*

J e) e 4 N r> @ O r% e, 4 WPe W Pi eN C3 e1 e E4 to f> f # v ts)> v b) e) # *= M s'* *1 In
4A GA "#81 M CP 4A C P O to ** * e= ** ** ** ** e* O C3 CJ eJ6 ei t 3 s %wt

** 4, t'n. EP. **. f J f"4. *". O (> P''s" *" ** C3 (> 4 el ms) V N J*')* N @ e) to. f O te 4. P=. t%. Q. U S. e3. Ps. O. ef. O. Ps. u n eA. P%.8'*

*". N. to. PJ. (P. @. O. e3. e3. e3 63 63. e3. e3. e3. e3. e3. kJ. 62. f%. t%. 6. P* P%.
*= was es i Nf J f4 *
. . . . .

fff#O/ O / O J J i.e * M N ** M *" M d *"" "ef A N M @ tii r% en *"" *= N. N e*1
O e3 e3 e3 e3 e3 m3 ee) to eQ e3 03 e3 e3 83 e3 e3 *3

e e e a e e e o e e e e e
* * * * * O N PJ N N CJ f 4 PJ N PJ N fl PJ f 4 PB f & N *** **i

**'% M & #% M N N PJ PJ N P J P J ** "O O O O"* ** ** ** C3C3C3OC3OO OOOcO OOt3O O. e

M N f J P%e PJ f5" . If CD%OOOOOOOOOOOOOO OOO
O C3 O O O O O e. , . . o e e o e e * * e + e * * * *e e e e e e e n e e e e a e s e a e o e e s e e e e e e

Ca iA @ .has tad and t.ed w tas taa tad 4 J 4.aa w 6 4 O es ses
La# tad tas

tsa taJ tas tae tee nad saa las nas *** w e.se see see las saa taJ eae Lee w w tad had tes had w tea the ned had tea had tad taJ 1 f J =d N # 9 e t O not N ** s* a. P

e3 O M eA" (e .* * e .a1.J rkO O O CJ O C3 O O O f3' ed #1 vi e J 8*O EJ O t.3 Ci O"" O %)
On e in ) s w) @ M N en 4 en f O SpT tm en (> m J P%N es i sai O

@ PJ 43 @ W W e) O E.3 80 8's" 8'i ** O'" ''* *'* N Gij *"* e4 4A ** PJ P% *1 CP (P to M P4 ms3 esT m) O **=e o e . en th O JOO* A & e) P4=rJ.. *
r%

*"" f J @ f J @ (> e'* F3 %L) e d P

O O P% N 4A wo 4 tA N ti M CP ** e3 to 4A'9 es N rJ .a ej gg o eJ P O CP tr) t=. O w =as wt esN tm ''1 N M r% (P ts t N P%e J **1 *4 r% fa * 4 9 (**O fJ e) se DJM M 63 (> Ps f @ W el f) eq *

W1. O. O. **. **. *=. '''. **. s'= u. o. to. @. ed. to. N. sol. e) r"%. W. N. *=. M. P=. W. f%. OJ. d. O. f. e3. e*1. Pe. e""O. O. O. u. O. O. O. O. w. C.A. u. o. o. o. u. o. o. tm.. -. . 3
P *" *" *"" ** *= ** s'* ** *" 8'* CP e3 rs eli e84 ** M e3 ** N 881 # ef) P% CP ** *" N N PJ e9 s81 W1 O ** ** *= *= e= *= 8'" e= e* e= p we ** ** ** ** CP

e e e e e e e e o e e e e e e e e
N N N N N PJ PJ PJ N N PJ e4 PJ M M e a'i PJ N eJ eJ e& P# ** ** *" ** ** ** ** *"" *- ** *'* O N N Ps N PJ N PJ P4 PJ N PJ PJ PJ PJ PJ P e eJ

O O C3 C3 C3 O C O O O O O O O O O O O u C3 C4 C.3 O O C3 O CJ CJ C t'3 O EJ O.O,QOOOOOOOOOOOOOOOOO. e e e e e e e e e e e e e e e ee e a e e e e e e a e e e e e e e e e a e e o e e e a e e e o e
w tas tad saa had w taf Las taa les had tad Las tas set tea taa taa w had tea nas 4.o8 tad had w tas tins tu naa tad tea nas ted had saa med tea nas w t.* taa nas 6 4 taa Lee eaJ eaa tak e J .J Los

N es) O M v3 N O ei N * CJ e) M to e & == r a 6-) . a en f ) ( j " 3F% O M (P e) W tsT e) w3 =O 04 w * O. ed ej M O N el e 3 gp 94 M & O # *"3'' r% O w1 r% P %3 4 * e * & w(t # "o wA th -ied v w t e a "4
Ps p$6 6A el e1 W P% en O N CP te eo (P 4A * M e4 (P @ O el e ed O ** en 8 en tA ** 89 IA e4 e'*

F% O d P% P% P% P% P%. P%O em N N P%P% Pt Ps h tw's * %NNP P%A4e
-<3 es e * .*P%in " O O ** # ** O * v1 C3 CJ P% J 4 (m *= c M 63 O ta e & r%CP 4 &) 889 N E3 (> f>

ts

(P ** ** e3 f J PM "e3 F% P% me3 4 p't ** sq e3 CP O ** O O .O & O O s9 ta3 P 8'* f W @ PJ f P'1 O. O. O. O. C3. O. O. CJ. C3. O. O. O. O. O. O'%. O. O. O,
P% O O Ps ** O PJ el PJ r3 P% O Hi t a ei rubd @ ** P ** mfd PJ O d (*h

V. %D. f%. 0%. 43. m).. . . . . . . . . . . . . . . . . . . . . . . . . . .
** *= ** *= *= ** ** *= ** ** ** ** *= e3 g g en *e= N M e er.g e.3 *= *= ** *= N N N N #*1 **i e9. O*******-********e-*=***=*****=*=**

e e e , e e e e e e e e* O N fJfJPJF&FJPJPJP|tJt'JfJ&J!IFJP*FJ
N N to PJ N *J P4 N N PJ PJ N M *% en N &J PJ N PJ N ** *'* ** ** ** ** ** *" "O O O O'* *O O O C3 C3 O C3 C3 O O f3 CS O O ta O O s'J u,

* * * *

Q O O O O O C3 O O O O C3 O O C3 O O C3 O O C3 O O O O O O O O
e e a e e e a e e s e e e e e e e e e e e e a e a e e e e o e e e e * * * e e e e e * * * * * * * * e

tea tes las see tea saa nas tea taa nas ses naJ t J n.6 w eas w naa
CP N O t,s taJ 644 tas Lee nad taJ Laa nas sad tee has tes nas tea tas nas has nas w taa e.na tea tea tai tea w naa ta# tas .taaw tas tea na

@ fJ P en e W W N ** P% @ P% e3 O q N M f4O *1 O v Men-*sJeeeaO e e
efi W1 Q C3 go (> (P'* 63 6 3 *O CJ eg IA f J *'* W" f a f A (> 03 p

eA P%8C3 M (P 4A ma3 54'* eA ** e) #9 V O P ** Ph ** M N 4 O ''" O M 43 *" # f J f J@ ts P el 4.) *1 e 3 N P% * . O # e 15 4 f A 6 4 f a PJ ( A*** * 496*F s Q P%** f a ** rJ 4) #%4
th e O t-4 P% f J CP (P O N NemNNA** ts * wN

el .e.) o qA @ "% *'* O d & e) d' O st') %J e3 afi # P1 *Q CP PN 4A LA f* P%" 63 et% 9 ab vi so O CD f 4 41 e*1 W M C 'O PJ Ps N C> 9% eJ 91 ** O PJ CJ f a f e C J f J f 0 C b M PJ Pi f J PJ f J t'b fi CJ
O. *=. f J. M. *Q.e P't. WB. N. O. #3. eA. CJ. tA. 4. P%. O. CM. **. 40. OJ. eJ. O. N. f. %d3. P=. (P.* O. rd. eq efi. f%. LA. CP.Q*=.**.**.".**.*".**.e.**.****.**.e.*".**.*=.**.
N PJ N N N N N N N ** ** *= m3 M N *" ** *O # is e.3 ** * ''* ** *- "aN PJ N. N N N N

. ..

O*"*******e''**********"'**********
e e e e e s e e e e e e e e e e

* * * O PJ PJ N e e N N N PJ N eJ ei eJ f a N PI ef ea
N P A P J PJ P J N f J PJ N N P f M d M N N PJ P J P J PJ ** " *" ** ** *" *'* *"" ** * " " O O s.3 o. C.3 C3 f3 o O C3 O C3 O 4 a ra o o *.:e O oOOOOC3uOQQOOOoOOOOOQOC3OOOOOOOC3OOO
e e o e e a e e o e e e o e e e a e e e e a e e e e e a e e e e e e e e e e e o e *

*1 e a e. ..a u
* e e

tas tea Las wa ana tas taa Las nas taa n.e nas taa t.na ses .ase nas see t.eJ saa tea tea nas na 4 tas las tea nas tad Las has esa nas taa tea has nas i a saa ans mee w t.4 w tea t-J saa tea t.4 .e o
es s - u i M N <> ** e =n3 rim eseie emso & *,- r*.* vie rae

A e'
/c

Cm w i e f J e) M o r= N ei ** SJ + e e3 & O 4A e a .et rs N" w cm " tr4 M =c #N&MM
so " v) e P"% M so ey e4 e% In Os'* L''4 4.A LA a"A @" e J t I e .o & e t r.o w w e3 o e o 4.0 ed1 e0 40.= J %s o o %s o

O no**rafa m Cee.P .o r3 e4 4 M 4 cm <> e rw J @O .= rg ntg es tA 6 1a.3N N&3(*
o P% C= ,o 4 O P=. ea P% c) c% (% rj rJ ep C tm ,o .* *D O *" em LO 63 f J f A CP mo eA .J J M **o M e) c4@ e* 1 /3 a e

w tn. ad3. e %. rs. 7%. tri. > .e O. N. N. r%. t%. to. e3. O.1. EP. en. **. C2. e. N. #9 4. in. W. P%.s1 N o e e3 O e f # ** ** Ps 4.e * n LA tw P% N in.s e @ ,o t) "3. **. M. 4. #.t/t u.e.**.**.".e.".*.**.**.e*".**.".*.*.*.**.. eJ. C g .

u**-*'=*"********e**e**==********f4 N f J PJ N PJ N N N *" *" =0 e e3 *- M @ in, N EP ** *= '"e *e* *e* *e* *e"* *e* *e* N PJ N rd N ae e e e . e e e e e e e e

FJ N P J *D N tJ H tJ f J PJ M M C J t J N N f J N PJ & 6 N e = ** *'~ " " " ** ** " ** * " u O el 9 A fJ N f J tJ PJ fi te N tJ f J N P 0 N PJ f J
O. O. u. o. O.C.3 o. c.a O. u. o. u. o. O. u. o. o. u.O Q Q O Q O O O OC3O O u O o O O O O O O O OC3O O O O O O O OC3O tas

e e e e e e e e e e e e e e e e e e a e e a e e e e e e e a e e e se
naa nas sea w n.as taa tea su saa nas w s.a nas w tas w w w taa saa i a w has taa us tea t.a to a 4 4 w

N & o e *= 4A o e aq ,o 4A e .nas nas taa taa saa 4.s a las w w tea sia ses 4.s w taa taa saa saa w tea
o e o ,o o es a r= = i e a 6.A f J u s to ce r J el e -) O tm t%eJ en 6) P%rn es (J en e rs M en a vt *- e3 - W1**

N O P% *= c4 e W ** e% .3 F1 t% e M in t% ed N @ ** e eJ r% e ** * e3 # (P & N e= es P% O. @ n e1 e a f i N PJ r J e6 M & 4 y e .o e P=
s e enO >= wi es r= e * m ** ir% o o e s

P% O O @ 4 e3 P= W *" % s @ Q e6 ** en ** O M e)i O fc5 43 # f J @ ** to r% P%eJ sd O PJ PJ
1 N J1 O ** ei

# rJ # ** O er 4 e) W O P% * O 4 " ** M9 P* th 89 taf a C3 op (> & Le m CP f * f* (* e.A (> ta rh (7* *3 F3 t2f% SA P%PJ sm =a* W4 CP 841 Ps@#
to. r* e3. (P. m3. r . en. ". r* ** N. M. e. la. e3. **. M. f. M. D. es. o. o. **. (J. N. e9. +. tri. e. P%. e3. EP. Em. u.**.*=.*.**.**.e."".e.*.**.**.**.".**.tJ.t4.(J.O e

. . . . tA e
e O**********************s'***"******

N N OJ N N N N N o- e& # @ * PJ 89 in @ f% e3 e EP ** *'o* *e* *"e *e* *o* *e* *e* "e *e* *a* *e" ''* O.e e e e a e e e e e e e e
PJ PJ PJ el N N el N N M W* N N N eJ N N N PJ PJ eJ eJ P a N eJ eJ ** w ** * ** ** * * ** e c1 N eJ N rJ PJ P 8 el PJ PJ eJ PJ PJ e i el el e a N

C.3 C.3 c,3 c.3 o. u. O. u. o. o. o. o. o c.a u. o. e.s o.OooOOOOc3OOOOOOOOOO eOC3OOOOOOooOOOcoO.e o e e e e e e e e e e e e e e e e e e a e o e a e e e e e o e se e e
tas tid nas n a a.s tw w tas tas 4.e c.,a saa taa las saa saa . tea las ,tas w s.a to. g% e,s ta *ma w i Jta eu naa nas taa w wa saa o e tea saa saa nas has had aas ama taa tea taa w w sad has taa tae taa e
- N ed O e.) e s - en e - C2 eJ r J o - M e en - e c d c J - e) so c J c p,In # N - M tasn

3 ;,+ e 3 c3 - w ce **e % we e * e3cmr1.e
P% P% e 91 ** e3 se r% u e9 e c3 M c- ** * N to e M a; O nn - e cm cm e to r% e) to P% *. e o cp P% - eJ y (J so em e3 e i w c + vi e%en u

Pi 4 =G p* e e9 O ew ** PJ Pa r J c JM so r 644 P% e 1 r3 e-J ** N to(> P% eJ ) @ J .1 P m3 Ok to a ** * ** in C's W e6,=r) es) ** P% O en th M # *= wg3 O c3 ** - - ** * - =- - - ** e J r J o g e J w e
e e eq e O - e3 m f e to M. O eJ a e o M ed o en en e3 e1 ** m ** e% # - O O cm se

C3. N. N. N. N. N. rJ. N. N. ( J. N. N. N. CJ. t J. t J. 4' J. ( J.. n .
>=

#. 30. r%. #%. r=. en. **. @. O. W. <P. P. e3. eQ t%. e. o. en. CP. ( J. an. EP. r J. mia. **. c. O. O ** N. M. w. #. #.og e-
C3****e*********=*=**********-**

N N N N N N N '* *'* N 90. e N M @ en =0. @e=0 P% es N e3 e0 ch CP ** * e *= == ** * "e *
ena e e e e e e e e e e e e e o e e e e

N PJ rJ rJ eJ N eJ e4 M M N eJ ej rJ N eJ es ej N c4 N N c4 el eJ es es cJ N N ej N N cJ $ =g O ej N N es aJ e4 el N N el e r N eJ c s es ej g J

C. u. n. c. o. c. a. r.> a. o. u. c. u. u. o. c. o. a,acaCOOaCOOuaCoccacocoaaOC OaCaaacco -
e e e e o e a 4 e e o e e e e e a e e e e o e e e e e e e e e e e >* +

4.e4 tas 4a4 Las tej tea saa las las saa taf has taa tea taa saa %be taa taa tad had teJ La4. tea has taf ned has 4aa titJ &af tas 64# tasu ti J Lad 6aa saa has taa La.e tea saa taa tad tas &as 6J haa ed tsJ 4,.J 4 6
O N e) (* 4 O ** O - en N 4 *'*&1 O 41Ost.C7 4 tea P

O O # e4 en P%, CW N, C J O N W1 O (A e J N .n c. P4 'tm'* enC.3 *G en 43 t 80 @ N %g> -P e J O,oon e ~ N - M - r J - - - e,J " .O f% e) P%
*=r%e1 ** @ c3 M P%e sf *

vs P% M V O e6 Om e3 en" 03 d wo k N o O r . , - c on s 4 +, a%') sen N p vt el r J P=. P P e =n .n *, e%,n f * r.w r a emP%%d ( o em ss

o. rJ. N. rd. c4. N. (J. f J. a d. rJ. r'd M e4 eF1 * 7 # .n e d
-a.rJ a mi n eJ n U s N r% - M e3 e .n .n o - .a

o N rJ r|CJ eJ(J tJedfJl ?.#an te Ck ( J # N # O en ** 4 P4 - @ = P tt) t* e I f% in # # $O PJ C4 *= f%P% ** * * e wrJ 4 09 O (6
4. r J. f J. N. P A. N. g J. a J.Cr.* O. **. N. **. 06. es t e3. o. e0. W. N. ch #. e3. **. P14A. r% 06. *=. M. es i. e0. **. f. r%. **. e *=. a. el. se. %4

e

. . - >J ag
** N N N N ** *= tm N in *"* N N M *1 @ @ f @ t c in en in ,o wp e es Pi eO e3 06 Cm tm o*=***"*****"****''******=****-**

e : e e e e e e e e e e e e e . e e e e e e e e z >*
N PJ eJ N PJ N M M 89 to eJ N N N el eJ N f*J N N N eJ eJ N N PJ N N N N eJ eJ N PJ ** ''' O es eJ PJ elei N et es es PJ eJ eJ PJ el el e 3 ei

Q a. c. o. s 3 O.es o. u. o. O. O. O. u. a. o. C.a u. r so O O O O O O O O O O c> O O O O o. C.o c<3 a,<>e o o a u c ca u o o u.e e e e e e e e e e e o e e e e e e e e o e e a e o e e e >. *. .

ei en cJ r , mas ,nas had tia laa %ea med tea taJ Ras taa tea saa las boa taa &as nas .taJ 4ea las saa las . tea , tag taa 4,ma saf 4ma taalas &nd laJ t.a e* Q o s - r - n - - r 4. tea taa t.a has 444 saa tse e a t.J gnJ.tea taA las tina taa nas 6aa RM
-* w v eece~o m P r- u M -s o r J n e - - D n n es c e r J + - e-.

e t. iO to th M @ Oh .-c eJ e - u. rJ ei r%en en ** PJ f f =P *1 '" O t% @ W e6 ** ej O *= q eq O at 4 O J e% U e O ,a C" in tm d O 63 M .*n* 01 PN, t a 41 CA ** 6 = t

8J
U****P e) 1 r% tf o .n . - s n .3 c M.o M es s a .n e - v nn e, ck r e e> M es e .n r J - e%-- s m en M en m a sNO

8M 3-ar.e-O M M P e 80 en V9 e*% # < P W en t t
u

(P '3 C in rm M wG e) e) O O =O 89 m =4 @ W P4 (3 F O N en ** CA (D ** Efi & e3 ) ** Q r J ed
o. N. N. N. cJ. cJ. f J. N. (J. rJ. f J. cd. t J. r J. ( J. s J. N, .le g

.

Q ** N. N. '*. C3. In. v. W. ada. **. f. t%. (P. o. **. N. M. d. o. In'% P%. e. eQ (Jn. o. PJ. en. tn. e0. o. M. is. EJh. m3 *Jtas e
. . . 7e e

e*'* e- ** s.= e* e* f% M e* g s= *i= ce c* N PJ N PJ PJ PJ PJ N es PJ sq q m y% M 4 f f f f e O ** ** ** e* e.= s= en e- .* en y* e* ** ** e== om

e e e e e e e e e e e e e e e e a e*e e e e o e e e * * 1

O
e A

(f'sa1 e e e
% e e .
Y

&.
b=e

.

e
4 e M C e art f% =o en -P M PJ *** O chm rw JS tri a eq* M N =* O em ei r% %S en d esi PJ e= O en e3 P% =O in 4 M P J ** O 06 e3 f% wo en # M N **

Wi s9 'O M 89 N f J N CJ t J f J f J N N e4 *" ** ** ** ** ** *" ** 8" ** .~4 en 4 e W q q # W W J J eq M M M so we e6

1

-- . _ - _ _ . _ _ _ _ _ _ _ _ __ _ _ . _



207

e= == w e= e= e= = e= == e= == == o= a= e w o= o= a= e= e= e = em em = e= se e= w w w PJPJPJPJN ejeJN c3c3Pec3c3cjesPJP PJesc,
OOOOOOOOOOOOOOOOr3OOOOOOOOOOOOOOO O O O O O C3 e3 O 63 Ca ct es C3 u o c3 r a o e3 s.3
e e e * * * e e * * * e e e e * * * * * * * * * * * * + * * * * e * 6 e e e e e e e e s e a e e e e 4

has hea had tse eas taa nas tad tan ama tea nas tae had 6ad has saf tsJ Les has had ted tas has has anJ naf tat sad tea saa tad tad tas and ha
s n=4 tea t.a teJ tad na nas L J has t.se 6.J .s.J tes e+s a J BaJe) Ps e") Pd 93 PJ se ts'1 N c3 M Cm tii Cm es) w1 e t M W P% ms) 8'* 90 el to) =d J eJ =O C3 o PJ @ e ts % ei (% P J = * r J s'1 ts 6 * tt Q a h si e ** u kl

J r 1. t J d4f J PJ M ** PJ @ to O P = gr3 s* h= e'* ei th (/t 93 ** CP P% M P% C3 e t PJ 99 e %) P1 ** PJ PJ e- N O E 4 P4* Si r
O O m3 to tA "m rm (m" C* tA tm ** *"t

s - M. 4 m ( J t
** N 41Ps= . = g 3 . P - ; JPJ M P t @ @ W W t#4 efi e e3 O @ 6 4 tA C P%eA es em o en 6) en PJ C3 P% C3 81 %) P% PJ

e= O se M r89 M M e-* .a y e 1 N P%'s wi so
r y

P= @ eli # PT PJ " e" (86etaw P%%1 t(t eA 6(14A =0 P= CP N =0 - e) P%e1 ** & ** P J J e'*
** P 1 s") p ' P J P g e=C

e*s'".s'*e".e".".s'* . G. CJ. O. O. u. O. O. O. O. o. O. u. s'* ** N. PJ. M. V. 30. P=. O. er.t f%. M. w M. M. M. M. M. F'1. M. M. **1. *'1.*".s s*18'.s P1. M. a1. e e s*171e . . . . . .

Pt P% P% Pt Pt Pee P'h Pt Ph Pt P% P% P% P% Pt Pt P% Pt P4 Ps Ps Pan Ps P= Pt P% P% P% 00 e3 e3 Om ** N N N N N rd N N N f 4 N f J PJ PJ PJ PJ fJ PJ (J
a= e= w = e= em om a= == o= = em e - e= a= a= o= = en e- ,= = e= o= e e= e= e= e- = e l N N PJ N PJ N N N N e4 PJ N e n P e e) c J cJ P g c | c3
O O O O O O O O O O O O O O O O O C3 O O O O O C3 O O O O O O O O O ooc 3o oos3uC3OOOOPJ%.3u.CJOOe * * * * * * * * * * * * * * * * * * * e o e e e e o e o e e e e e e e a e e o e a e e a e e e e e

tea nas 6a# tai tu naa maa nas tes Letas w taa esa saa w naa sad see taa ama aae Les nas ses tea 6sa 6.a nas w sea had see t e ,has nas tu n.na nas ses nas Las
s tw to uJ naa es e,a t.:Las tw ua

f e3 =aJ *O P% N O M e t J - 30 f% er) 0 O n na M P% - r s M PJ e P= N r a CA o ** M nh *= a J <* % o r J <* n <%
*= e3 O M w =O %D en o* 80.3 === v ** 4A ** =0 to e1 @ %r1 P% M P'm M W N =rt C3 P% P%N Otri=0 e %Oel M PJe ri O =0 a'* ei N & * wi P% Pu en & e) c5 *aOe)
90 =0 efi < M N ** ''* s'* *" 881 ht4 Wh @ N P4 =0 W F14 ) 4 @ M DJ wt3 me M to r1 PJ W3 es t Ch ** ** d =s3 e3 N'* t 106 4" S1 P' u57%e1 N 4"

* J e i t 1 & & O c a 'e"1 f% **
e e M ti

40 @ 8*) N " O Ob e3 P% =0 en 4 M M M M P'1 $ to P= 0 W Ch th # =o PJ s'' PJ N >% O qA tA P= P%P% **Psc.7JrJPJia
P"* P4. P%. P%. P%. P'm. %E3. @. @. 90. mh190. to. 90. d. 50. =0. iO. wo. =O. P%. P=. h. so. (P. G. N. @. %D. 00. Ch o. PJ. CP6 Oh. Ch. Om. Oh. &. Cm. iJh. e. r2. a.3. o. O, o. o. u. o. o. 3. .

e3 e3 gi3 a0 m3 esa e3 so e3 eo ao ao e3 a0 so ao ao e3 eo e0 m3 e3 ao e3 a0 cP CP6 Ch Ch ch Ch o'= N *= o- *= ** *"" " *"" ** ** N N PJ f J N f J N PJ r J N
e= em e e= == e- w e= e= == w e en e,= w e e= w e N N N N N PJ N N N PJ N N N N PJ PJ PJ n gj eJ PJ N N N PJ N P s e g r J PJ P,) Je#
O O O O O O O O O O O O O O O O O O O C3 O o O O O o O O o o O o O O O O O o o o O o o o O C;e o o ts C. C3 o
e o e o e o e e e * * * * * * * * * e e + e e e * * * * * * * *

taa Las tas nas nas had ens nas had tne nas ts 6aa 6.ea us saa tu e
e e 6 e o e e e e e e e a a e e e e

.nas ins w tea nas nas nas nas sea nas tsJ Lea sad w taa naJ ta# ans nas nas Las las n.a ens ese nas w ese ene om.s led has
e ta us

P% N chm O P% Phe PJ CPn %O P% P% P% 40 mo $1 %D M e) @ P% ID PJ en F1 C3 PJ W w= W) P1 M Ca =F PJ C3 et ** =0 %"* C.* 4 *#s r 4 * e r S M e e,y
e"= O P% M e* N P% O M es e% in w"o M M cm e .P e %O Cr= eS an cm ei ri e0 M to th M a.m in th =0 - r> *= nrt so tJ # es" s= M N vs PJ r= Cs - -
e3 Cm Ch O ** N M %4 Ch M ch P% P%O =O eA Cm e3 M a= en ** Un e3 e) P% PJ f ** @ s*1 P% eo Ps o chO O M <=0 ** P%M O S ** =P ta i P * $s s .J r4 ta

OOO ** PJ M eti 81 O O s e- O N f is) *n P% & f4 PJ * 4 NP%e s C%O (3 ( 2e 161#1 P% to ,o ah *P M P J ** s'"h Ch CP On "h 0% Oh (P Oh CPn o O O'* *O" f's m 14A tA 4A ** e6 e"
CP. Ch. CP. Oh. CP.h Ch. Oh. CP. 06. C.. . . O. . . . . . . . . . O. O. O. O. O. o. O. O. O. W N. N. PJ. N. f J. f d. N. P 1. '*1. w1. M. M. P .e so. 4. *J. V. W. v.a.

Oh Ch Ch CP6 Oh Ch Ch Ch Ch Ch Ch ch Ch Oh Ch Ch Ch ch ch e= o= e= *'' *= e= e= *= *= o= o'= e= e'= M M M M M M r1 M M M wi e wi e so M en er) sei n

N N PJ N PJ FJ N N N PJ N N PJ N N PJ N N N N PJ N N N N N N N PJ N PJ N N N PJ N PJ PJ N PJ PJ Pi PJ PJ Pieh!J &J PJ P J PJ r J
O O O o o O O O O O O o o O o o O O O o O O O O O C3 O C3C3 o o o o u O C3 o o o u o o O C3 O O O o u o c.a oe e e o e o e e e e e e e o e e e e e o e e e o e e e e e e e e e a e o e e o e e e e e e e e e 6 I

tais 66d taf las b.8 taa Gad has ts/ tad 6M t.d t.etea sad eind had had taa nas ned has tEJ Las tea las haJ Lea las haf tea nas tas had tas tad ted taf had has taa had tea nas nas a biaJ
- q eses e6n - J s e J .4.s .4s.3 tas 6a4 kaa ,6s.iO e) r = ej em Cm W N P% PJ P4 N r% e P% PJ N eo ra r% =r es= =0 e1 N PJ # P= e1 was PJ 60 o *= re m 9A PJ N r% i r%

s.3 V Ch w O =O *P M M eo ** CM O wD go PJ @ @ 881 N 4/4 O tf1 f> ** PJ =r3 mft # "0 e1 r> wo en ** f J t%J *" P%
i3 P% r> ei e * M M w w a'd *, - =***1%9141 CS <* r J " LaN#

O W1 P% CM ** e*14A c3 rs wi c i ei n - e i e's 'd'J c=t P 6 O.6
srl N s* ** ** C3 O C3 O o == e= M w =0 rah PJ .J1 e= P% -9 r* N PJ O w en e e* = P% c.a ch rp #% sc 3
P% 7% P% Mm f% P% P%P% P% P= Pm P% P% P% P% 7%S1 m) em tm C1 O ** ** ** C3 p m) P%ns 4 P

O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. u. o. O. C3. **. ". *. **. *=. ". u. o. o. O. O't *n'J. ". **. **. N. f J. N. N. o'i. so. M. a+ s @ V. 4. W. W. #. M. e .e
e --n

. O. . .
e= e= e= e= e= e= om e= o= v= e= e= e= s= y= o= e= om e= a= e= s= e= e= e- e= s= s= o= e= e= e* g # @ w f f 4 @ f 4 d W J + @ f 4 d .P J

N PJ N N N N N PJ N PJ PJ N N PJ N N N PJ N PJ N N PJ PJ N N N N N PJ PJ N PJ PJ Pt N N PJ P, eJ PJ PJ et r J N e4 cJ el r J r J NJ r3P3
o o O o o o O O o o C3 o O O C3 a c3 u c3 O O o o o c3 o C3 o C3 o c3 o o o u oCaus.3oc3o4.3o u os,aO o o
e * * * * * * e e e * * * * * * * * * * * * e e e e e e * * * * e e e a a e e a e a a e a e e e e
taJ has nas nas W tas had tea nas taa has sad ens ned saa nas w w tas ans w naa w tas sad see W Les nas tam w tas nas tea sa# aa4 nas um .v w ses i.es 6.4 w naa nas a.eJ us saa tas 4 4 ed
EM Ps CA *O N eG 06 Cr. e= o *= c (3 asi co e e e+ M e2 wi e= t.m PJ el s= op ch M - so == tas e sa >18% t's e 3 %3 s i isi r'= r a -- *- %, r a < es e *- ar.*e

4 ) ers e) ch *= M e n e ei ** r%en e4 9 et M g e are attePJ W4 f =0 CM P J P% W @ %D *= c P1 o N C3 ** ** e== N cp c3 gg wi s== en W ** =D P= PJ en e

50 1" to f 43 # ** a * f a P J ** ** CJ * J r* A P%ud MP% P% P%P% 8% t) *) (P o M eA N O M P% e= to 61 Ob Ps e rs <> Ch P% @ O V P%e CA a= 33 r1 ( J est g3 o pi .4 n P%
N N PJ N. PJ Os ( J PJ #18"0 Pi P'1 M @ @ @ to ati es% W1 In tai W M P.4 8" e= (A Ps 3 (= f J q /1 t%P. We w e r= g -e.o en Pi s'*

e= e= om e= e= e= e= e= e= e= o= e* e= e= e= e= se e= e
o=. e=. e=. e= e=. e . e=.. c. O. C3, C3. O. (Pm e) CA. Ch. e. e. o. CJD o. o. + . **. **. **. e=. e- ** u. o. Cm.a=. w. e=. c. o= e= a=. e. e=. ,=. e= e= a= e= e=. e=. e=. e=. w

.

@ W d f W @ tit en 4 en en ut en in en e e in aa) e
e . . . . .

e=e=y=e=e=e=e=o=e=e=o=w=s=
. . - . .

N N PI N PJ N N N e | PJ PJ PJ N PJ PJ PJ PJ PJ PJ N N el PJ PJ N N PJ PJ N PJ e.3 C3 N N Pi PJ N PJ PJ P2 PJ PJ P S PJ PJ PJ e < Na v 4.'z O u
n PJ P D P J n' a P J

C3 O C3 C3 C3 o C3 C3 o o o o C3 o o o o o C3 o C3 o o o o o u C2 o o c o o o o o o u o o u o u o C3 o ca e e ee e e e e e e * * * * * * * * * * * * * * * e e e e e e e e e o e e e e o e e e o e e o e e

M = c r1 * w1 P% es ch o P J so en P. we o en e1 4'.s tea tea w saa tad w tea tad w nad sad .saa tad*= u em N e e i o, eq
.s 8.ea tea ta# 4 4saa tea eas tas nas w tas w tas saa saa saa nas tM u nas tea tas in Laa kaa las led W w w tas tieJ t
rr*rae .844.sid w44646
J i 3 v M u t t r.1 e s < * oO en =r e o al fa e CP P J rd in so e1 Ps N P eN r% r - om * * o <* 4es 7 en

s
e3 v e+-

o e'* P J 84 @ nn %D e) @ P J +* 4 m N +1' 30 et% M cm M en) "O =O in ri o d s= In P% tm cAPJ e nn p P %*PJ p c3 - PJ - enen e cm e t e.1.') seta. ier.t ef

to e PJ ea 4 CJ C7 en a s A @ P % g j .e e 1 a .g,1

P% N P% P% 7% P% N P% N e) e1 eJ e) f4 Ch cm CD Ch e3 t'3 P% %Q es e 4 M PJ r3 @ P% in w9 o'3
-

d. W. W. f. A. w t en. M. @. @. me,i o P'J.
e=. g3%

* (A N f'J sr P%o raint?***1e.er= 69 84 es * -ra - * .

w %s. an.e '. ssa. & i.V. ".i 4 4e=. w. e= e=. e= w n =. c= e= e= e- w . a= e=. e=. e=. e=..e=.w ,=. e= e'. ". **. O. 63. o. o. C O
. .. e . . . . . . . .

O agg gi gi en en en gi en en in in in it) in e en 4 in o e ,
. .

e= a= c= a= we e- ,= e= e= e= s= e= e- ,= e= == e= s= e= e= ,= w e= e= e e= e= w= w = e= s

u
N N P3 PJ PJ N N N N PJ N N PJ PJ PJ N N N N PJ N PJ PJ PJ N N PJ PJ PJ PJ PJ PJ taa PJ N N PJ PJ PJ PJ N,, cJ o o es u o o o o cJ o u'sPJ 1*J PJ P t el rJ PJ PJ r e e.s P a c
o o o o c3 o o c3 o o C3 o c3 c3 o c3 o o o c o o o C3 o o o c3 o c3 o s.3 4,3 o c3 c3 o o u c3 cJ
e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e o e e e e n s e e a e e e e e e s e a e a

wt M nas nas w tas tem ua Las eas tas us saa to w tas tu n.as ss saa w w
P% e.aJ w w w tad W tas w w tas w eaa nas saa saa ned tas w tea nas tea tea nas nas nas nas tais w eaa ens saa) ch P% e3 +r en * *= or) en si se e =o en - o en o Cm o P= P% #% C3 cm r% PJ el em ey o cm M wry e J Pd in s) *= eJ c1Ps r* e.1 a s e a e ei e ci. y

M e in es) P% *n a J N e, es <= o * e ne e e ei e.== es-rJe* sJ r3 m (.m o e M in c o ** P% e P% we c> e3 an # # om no P% e= e)in # p? ck rJ e, e
nn *% e9 C3 PJ to e% em - M in P% Ps em 4 o @ rs em o c3 se e] e # u so e m P% c% cm nas @ ** wi P%M CWuitafJ & * M o e N * M e'i N -

N P'J. 63 eJ. (A. cm. e. e. e. o. o. o. ce. e. sJ m) "%.ed) %,'.s4
1 et) t i o W1 4 e t (*te- ** O M 69 f=> *= r1(as*o o Q ="* * *'" *= *"" N PJ PJ N PJ PJ N P A s'" o em Cm e3 +O is) # 84 f'J o cm P% e so e* C3 9

Pd. N. r d. N. N. N. N. N. N. N. N. N. P4. N. P4. Pd. N. N. **. e* ** e- ** ** e* ** e* O. o. C3. C3. o.
in e eJ. e . .

r
.. . . . . . . .

O.
e
e gg in an in en an c in erg wg g ,o irg et) grg stg n gr 3.n ance e= e= e= e= e.= e= e= y* e . w e.* e= w y= e= e= e= e= r* e= vm en e* e= e= we ** y= wi. e= e.

e= a

N eJ N eJ PJ PJ eJ PJ PP es PJ PJ PJ eJ P i P s PJ P J e's oPJ N PJ N N N N N N N Pa PJ N N N PJ PJ N PJ N PJ PJ P A N PJ eJ PJ N N eJ PJ N e seJ
C3 C3 o C3 o o o c3 c2 c3 o o o o o o c' o eo o C3 o C3 o Cs o o o 4.3 c3 o o o es c3 o o c3 o e o o o o C3 o c3 o CD o se o

e e o e * * * e e e o e e e e e * * * * * * * e * * e e e o e e up e e e e e e e e a e e a e e e e o e a e a
Las tea w tea w w tas nas has tas tas ta# a.aa las taa w w naa te.s tad W and w taJ Las ama saa Lee t.s nas us see E e N r= < J r.= c2 e vi N o e,a w w w taa be nas s.a nas w benas saa 644 w tas ha nas us t.# in

es - M & P- o nN-fo P -T o u i P J PJ M en es e in e= e e M o n - - N e c J c3 v en e e ed o e e w e
in r% o ei e) <> e 1 P= in rm PJ e >1 wi en . . u=$ #6 e > . .sM WD rh N to'= cm ** to o9 ** 4 PJ e3 sq weg Om o o* P& PJ 'n rm # M e o r% in M em N w9o o a e4 e %)*C1MPJf%Ntac=+ W >* a 4

P% o N ** C3 Ch f% J *= wo * in P%em f> e #4 ej g N cm ae'*ejC3isiL3s.*cjPerJ**et6e oeJt1

a . **. **. N. N'i iti .as M e 3 e J @ 4 4 J e* *"* F e M * ** . .. t a. f 4. N. t a. Pd. t d. N. e. **. O. ,;. P%. in s e-i. o.
M en aq q q q ttg @ en in en in s q eq PJ PJ s'* O CA W3 P% in f M PJ o cm N af% W9 *= >= @ s) e3 e3 *

. . . . .
et

N. N. N. N. N. N. N. N. f'J. ,N. PJ. N. N. N. N. N. N. N. N. *. **. e"* ** e's ** ** e . e. o. o. o. o. em .

We en e= ee ** e'* e- w= ce * e= e* ** o'* e= e= ** ee ** en em ** ** e* em e= e* ** ** e* e= e= ). e g @ gg') e e g ggy @ @ es) *g) @ @ @ en C en aJi gli
>= se

N PJ N N PJ PJ PJ N PJ P J P J P f P.-t u. o. c.3 o. o. u o
J r J Pi ei PJ r J r J PJPJ N P A PJ PJ PJ PJ N PJ PJ PJ N PJ PJ N N N PJ N N N N PJ N N N PJ PJ N PJ eJ N e4 1

en cm e;3 es o c3 ci,a o ca c.3 o o. e.sC3 o C3 o o C3 o C3 o c3 o o c3 C3 o o o o o, c3 o ca c3 o c3 e c3 c3 o o o c3e e e e e o e o e e e e * * e e e e e e e e e e e e e e e e e o e e e o e o e e e e e e e a

ei.a nas tad w w w tas to w t,as u,s na.s 64e tu w na t.ea w us i.,sena w tas w saa saa w ama saa w ias tas ime w taa w tas nas su nas tas w w su saa us 4.6 w w ana to n.a u w ea

cm W W c e e
o @ *1 M PJ tm CD o aq gs3 s o* o= e) M cp ngg cg eJ q pg gjg -* e* gJ c g y, ca p%v5 %9, ie e c= eq pi ,f i gg in * gg

I Cm o in @ "9 4"* wo @ P% *"u t @ r% + d o* M e'"l ,o cm P% r J # e 1 M P= A e ** Ps in M en eJ eJ M e e si c> in - r> o el e P 1 ** .* & M o (,vt-iepe

N cm o e in vs ei N ** d wt, e.f e M (4 cJ r7 rw v ** ei3
M e= w * t J - r to M in uP J N in cm N W tt) @ PJ e1 N 4 e) o - N M M M N ** cm Pw # e'* =n == nn tw to cm :p ea

to in @ %d @ N P= P% P% P% wo O en W e e89 PJ = o f> e) P% en 4 M N o cm P%en e ** g, o Ps q e e1 cm o e'= 0 e cz r J r J r sP J ** q s e -

4. @. f. v. v. J. ir.i in. u n v. . . . . . . . . . .N. N. N. N. t d. N. PJ. f J. N. N. ed. N. N. N. N. N. N. PJ. P d. e'. **. a=. ". s'* ** ** ** o. c3. o. c3. o. g
. . . . e, .

e a *= e= e= e= e= ** ** e= e= == o= e= e= ** e* e= e* e* ** o= e= e* ee ** o= e= - = e* em ga, e e e e ,a e g e e e.o o e e eeneninin +
>=

N PJ eJ N N PJ N PJ PJ N N N PJ PJ N PJ PJ eJ PJ eJ PJ N PJ N N N PJ PJ N N PJ PJ **

PJ es el PJ N N PJ ek el eJ N P s eJ e t PJ P J PJ s' J. #6
4PJ

o o o o C3 c3 o o o c3 c3 o o o c3 C3 o o o o c3 o o c3 o c3 o c3 c3 o o c3 M C.,3 o, c,a c3 c3 o o c.3 n o o o. e 2 r~,a o u o c, O o* * * *e e e e e e * * e e o e e e e e o e e e o e e e e e e e a e e e e e e o a e e a e e e
M rf)

eO's ej o.es %) ** *= u o g.4 Las taJ 44,6.8 tel 13 9 i f J ", o r a **
tad taJ 6 led tea tea &#8 6 69 h- 4 4,# ta.p ta$ 0 8

3 ,.4M C'$ eas eas saa taJ tas tea saa us taa nas tea taa taa 434 tas tea sea (as tas t&& taa &aa 4aJ taa taa taa las tbJ taa nas
Les 6 6

**
ki in @ P 9 aft" 80 P A est o no cr. se eq m) ** oJ PJ J q ** e3 cm (' 4 cm eq P% o in e= es. p% q .a j r* esar1r% *tD * p.

e* s - c N P" O ** e ** q M so ses u e r, N o .~ , . * P , m of, *%
,g-e) 30 M CW b *te F9 f% f e.m g 4 a ,if) CA #9 P% e J @ GE3 Ps se N P% 4 %) & 6 4 en, f'% 8"s - o - en e,. e* P,JPa n M n N in . > M M o. e4 W 9%pn m es o - PJ M en en M < - r- P m. e. u

wo el O * Ji + 1
- - -,t>

t d. G. P J. N. N. N. N. N. N. N. N. N. N. N. PJ. N. N. N. N. e. * . **. ==. e . **. *. e* o'm P% t/% M e a. o. o. o. o.
@ 4 P% P%el e3 4 3 tsJ ta3 N P% wo w % in W en PJ 8- O CD N is)1 M N cJ f

en. es t iga. e"* e. e. n.a. e" 8"o. *e* P t 2 ( / sre et t -41 r J F'* rar. e"t ** e. rs. a. s.3.2
e

a'= e
. asi. ai t. . .. . .w. gg e

em p p e= o= sua em em em ** ** ** eam ** em e* se e= cm e= ** ** ** ** ** ** om em om em em e= e e g gg g g g @ g g g gig g ggy @ q ,g3 en A sfg gtg 4
f3 e
O e

e A**
e 9

(#1 e o
e-4 8 Pe
> e

e
PJ ** o #h e) P. e qn J of4 PJ ** O c= og M. gr3 arg J e6 N ese o cm @ en g gn g esj PJ ei* g gg C en e) P%.pt in J M At p 73 fe et A 4t#% seep em
M 89 eq fJ E J N N N 6 4 N N N N ** ** ** *- ** e- ** ** * ** ist W v 4 %P @ d W V 1 V P l P S F P M M e-- t en s's en



Ii1 '|'

_

_
_
_
_

-
-

-

g)o
ocC

_

.

222222222222222222222222222222 3030333330330333330303
000000000000000000C00000000000 0C0C00C00C030C30C.00000- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + * * * * + * * * * + + * + * * * * * *
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEE0!E!
1336521766S025915352CT99221671 0C03C0C030CC03OO000C00
999902596601178762083S71979270 00303000000000CC300533
529641353139S91513273i704606S6 o0000C00303000JC0C00003

3000999998S399012352161859S5 t3300C03030003O03C0CC0011

3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 5 5.(.7 2 6 0 0 0 0.C.0.C.0 0 0 0.C.0.C.0.C.0 0.C.0 0 0
222222222222222222222222222222 0000000030000600000000

222222222222222222222222223333 0003303000030030033330
000000000000000C00000C0C000000 000000C.0CC0CCC000CCCCC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + * + * * * * * + * * + * * * * * * * +
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEtEEEEEEEEEEEEEEEEE
523636278963701435766233310510 00000000C00CC0000003CC
205E92447962210173962637346341 00030000003CC0000C00C0
393669973798341430431313740472 90000C0003C0C00000000C0
211093765319741739495933172613 0000C000030C0000C330]0
00009999999.P.888776655443202602 0 0 0 0.C.0 0 0 0 0 0.C.0.C.0 0.C.C.0 0.C.0
222211111111111111111111119764 0000000000030000000000

222222222222222222222233533333 0300000033033300333333
000000000000000000000000000000 00CCCCCC00300C000000CC
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * + * * + * * * * * * + + * * + * + * +
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEfEEEE
725C111717567ESE25512723875302 00300300O00C0000C a0000
71229273985532375121832S102772 00000000C0000300C00030
2142 2326677599446557116526470 80000C000000000C00003037 5 2 9 5'+ 16 0 4 7 9 0 0 3 515 7 7 4 3 2 5 4 0 5 7 3 9 2 0000003000303300000033
333222110988754319752077318701 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.C.0 0 0 0.C.0
333333333222222221111175432235 0000000000000000000000

222222222222222222233333333322 0030030000030030303033
000000000000000000000000000000 000C0000C0C0CCC.CC0CC00- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * + * * e e * * + + * * * * * * + * +
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEE
632242896759194047122S20020273 0CCC0C0C00C0CO00300000
31SC64736635631926664463154418 0CC0003300C03C00303300
2327C3439051S41293053021616337 70003000003C0C000300000
159133206257649219757514532727 0000C0000000CC30C00030

3 2 1 1 0 9.E.7 5 4 2 0.E.6 3 1 8 4 1 8 6 2 5 3 6 4 7 7 2 8 0 0 0.C.C.0 0 0 0 0 0 0. C.C.C.C.0 0 0 0.C.0
444443333333222211186544456811 0000000000000000000000

222222222222222223333332222222 3000003300333033330330
00000000000000000000000000C000 0000000C000C0030C0000C
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * * * * * * * * * * + + + + + + * +
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEE EEEEEE

2718031019S7920553869392252732 03003000C000C003000003
716235428531189064966940352424 00000000C333C00003J000
519164531465022496973642237346 6033000003C33003003C330
!85269097256516223338260645267 300000300C30000300CC00

E.76531075307417410724351246926 0 0 0 0. C. 0 0 0 0 0 0 0 0 0 0. C. 0 0. C. C. 0 0
444444433332221119777891111122 0000000000000000030000

222222222222222232222222222222 03003330333033033030O3
000000000000000000000000000000 5 0000CC00C0C0CCCC0C00L0

+ * + + + * * + * + + * * * * + * * * *- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE f EEEEEEE!EEEEEEEEEEEEEE
912243406656215233236439416111 0 000000C0C00000000003C;

000000C03000032030035000033C00300C00L000~.00944669712445944543032958770213 C
30

0 3 4 2 9 3 5 5 2 0 2 6 1 0 7 3 7 2 2 5 0 5 9 4 9 5 3 3 3'+ 73533122135611765022362601443 E
1 S 000000300C00cC00C000C3

19752074174074108012456.E.913579 0 0 0 0 0.C. 0 0 0.C.0 0 0.C.0 0.C.0 0.C.C.03
0000000000000000CC0000544444333222111191111111122222 0

E 3030300333330333333033222222222222222222222222222222
0000000000000C0000000000000000 0 000C0C0C00CC0CC0C000C3
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 5 * * * * * + * * * * + * + * * * + + * * +

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 0
000C0O30C03CC0C000O0005S10S47S3S75325S54463217329753

538541545222515335579063374297 1 000C0C00O0C0000003C000
536614774727113409521694236501 400000000C3C0030000C0C0
230033680315923253257S91357903 s * 0300C003DO303OC0000030

0 0 0.C.0 0.C.0.C.C.C.0.C.C.C.C.0.C.C.0 0 0075285174074222145789C.13456799 M *
E *

544433322211111111111222222222 I * 000000000000000C000000
T *

222222222222222222222222222222 * 0000300033013330333330
000000000000000000000000000000 T * 00000C00CCCCCCCC00C0C0
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A * + * * * * * + + * + * + + + + + + + * + * *

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE * EEEEEECEEEEEEEEEEiE0EE
39997239562251E546853996555623 Y * 000CC0000000CO000C3000
2006312S6403066924913033239573 T * 000003C0000C0C00000030
8401655C94600E3062044319603355 I * 300000:0000CC0003000330
4156544576427d5123321097652959 V 0000000300O000J000030C

7406.?.8407544456890123445678899 0.C.0.C.C.0 0 0 0.C.C.0 0 0 0.C.0 0.C.0 0.t.I
T 1

444332221111111112222222222222 C 0000000000000000003000
U a

222222222222222222222222222222 0 J 3030033330300003333033
0000000000000000C0000000000000 t 000000C000CC00C00C0000
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G + * * + * + * * * * * * + * * * * * * * *

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE C E EEEEEEEEEEEEEEEEEEEEEE
2423633107501255673759i5375475 N 00CC0030 cot 00000C3000C
4 7 9 7 '+ 10 3 4 2 317 4 0 2 2 31215 0 7 7 4 3 314 T A 03CC00C33C000000C03000

. 913993503727673255271353831633 N L 2000C30C30030000000000J
204845431942222197520741739370 E P 000O300C00CC00C03C3000

0 0 0.C.0.C.0.C.0.C.C.C.C.0.C.C.0.C.C.0 0 0405062976567890112345567788990 E
U J

443322111111112222222222222223 B 00000000000C00000C0000
R T

222222222222222222222222222222 U N 03330003303J3303000303
000000000000000000000000000000 T A C0000CCCC000C0000C030C
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T + + * + * * + * * * * * + * + * * + * + +

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE : S EEEEEEEEEEEEEEE!EEEEEs
409C23035035;37047744257924164 N C00003C030C0003000- 303

) C 0 3 0 0 0 0 0 0 0 0 C 0 0 0 0 3 0 0 0 0 0 '022;33931474193516S160819342526
100300CC30C00000000f c090535910144443511C9637t3313534 C C

46575345435319641S413416271470 * 30O300000O300000000300

0 0.C.0.C.C.0 0 0.C.C.0 0.C.C.C.0.C.C.C.E.0272730877789001235455677889990 o .
o .

433222111111222222222222222223 s 00000000000000000C3000
F .
I >

-
H . -
C . 1
C .
R .

393765432109S76543210987654321 U . K093765432109376543?11i
322222222221I11111111 T 544444444443333133333O

~

~

_

_

_

_
_
-
_
-
-

_
J J j;J 1f i ' 1 i



209.

O O O O O O O O O C3 O O O C3 O O C3 O O O O C3 O O r1 O O O (J N N PJ N PJ re f J Pb N f J 94 rt W J N 91 P| tJ P|Pa N 9& PJ N
CJ u o O O O Q O o o o O u O O o O O O o C3 O O O E.e O C3 C3 C3 C3 u u C3 C3 43 c3 O u o u o C3 u O L3 O O O CA C3 C.a O
e o e e o e o e o e e e e e eo e e o e e o e o e e e o e e e o e e e e e e s e e e o e e e o e e e e e

4td Lad had ted had Gaa the bm8 tad &me tea h.ed &ed had %#4 God had tad taJ Lad had 64J 4 4 %=0 Lee bJ 4ad had had 6.4 tad bJ 6.aJ & A taf taJ b.a La.f Lad be has had tad be tad g.ed bna See eJ bes Led

g3 gn c O M **D ** me) up f J f a W4 P1.V 4 W1 as* . *P t ) V Inj pi 6"1 Ps ed4 "es ** * P' - td h. 4J r J O 6M 881 I"%et f 4 to *J C P 4-1
=4i

O C3 n.3 r3 O O O #3 O O C.3 O O O O O O 63 O O O t J O r3 o C3 O O
'O C3 O O O C3 C3 O C3 O O O O CJ O L3 O #7 O O O O O CJ O O C O

O Q O C3 O O O O O Q O O CD O O (3 O O O C3 Q C3 O C.3 O O O O O in)in Q e) to Q m) f%W ni b ed O f%80 t e d'% e . *'" V 8'% O. i @" 6.*) M
**

79 g> Cm. 06. Ch. 4,4. P' *** @" "P. G"'b. &. G . t $ r % rA el ei r%.C'.s ta) eJ. en.) 6J. oJ. Gn3. EJ. SJ * J. eJ.
O O C4 O Q O O fJ O O O O O O O O O C3 r3 Q O O c'3 C3 O O O O ** g3 P4 .= *=* ** r* e s **O ) ?

O. O. O. C. O. U. O. O. O O. O. Q. Q. O. C3. O. O. O. O. G3. O. 4.3. O. O. O. Q. O. O. .
.g. .E e . , -

O O O O O O O O O O O O O O O O O O O C3 O O 63 O O O O O r= N N N N N N f 4 PJ N fJ fJ f4 N N f 4 N fJ N 04 N PJ N PJ
C3 O O O C3 f3 O O O O O O C3 O O C3 O O O es c3 f3 O O C3 C3 O O ** N N PJ N PJ N N Pt f J N PJ PI N PJ P3 Pi PJ f f PJ P f et eJ PJ
C3 O u O O CJ Q Q Q O O O CJ O O Q O O O O O O C3 O u CJ C3 C3 C3 C3 C3 O O u 63 O O C3 4.h d O O 63 O 4.8 O W D C3 O O Q
e o e * * * * * * * e o e * + e e o e e e o e e e o e e e e e o e e * * * * * * * * e e o e a e o e e o
tad had %af had had tad the bed 4ad LaJ Lad had bnj 443 Led laA had Gad btd has bh8 648 taj naJ Ltd ned Led ta$ bad Gad 4ad LaJ 600 44d Led bb0 had had %ed bad 4ad ted bad 4se 4ed LaJ har led bed had med 4J)e

p tm M 44 3 P% C3 4 O fs" PJ M pe. t* .'d .d PJ e r
C.* *) P */ t.).PJ f% e w 8% wr1 & arl e J.O O O O Q O O O O CD D O O C.3 o O O (J O O O O O O O C3 O O

P% N 0 me e yee 43 to e } gg } cJ rJ N cD O O O O O O O O O O O O O O C3 O O O O O C3 s 3 O O O O O
O pr1 sr q q # # @" N m') w1 edi e % 3 .aigD r * (* C3 ** ** "D sn 6:4 st% e. 6 f J 9) **Pafi@ oiC** CJ (# N uO O C3 O O Q O u O C3 C3 o o C3 O C3 O O O O O O O O O (3 O O

c es %9 = 6 k l or #O C3 O O O O O O O O C3 O O O C3 o O O O O O C3 O C3 (D ca O O

D. G. C3. O. O. O. Q. O. O. O. O. O. O. O. O. O. Q. C3 9. O. Q. O. O. O. O. 6J. O. O. M. O. Q. O. O. O. O. O. O. h3. O. O. O. sJ. O. u. O. u. o. O. O. u. rJ. C3
OOOOOC3OOOOOOOOOOOOOOOOOOOOOO che*******************r"'"**"**"*************
C3 C3 O'O C3 O O e3 O O O O C3 f3 C1 C3 o c3 CD O *3 O O O C3 O O O *=**e*****************==*******="**"*"3 OOC 2

* * * * * *

C3 O C3 O C3 C3 O O O e , C3 O O 3 O O O O C3 CC3 o f3 O O O O O CJ Q O O O O O O O O O O O 4.3 C3 o O o O O
e o e e o e e e e o e o e o e o e o e e e e e e e e o e e e o e e e o e * * - e e e o e e e * * e e - e

f Oin f% rs et PJ C3 4'm @ P1 O ed4 * a <=. e t ** O r= t J eJ * 41.med 4 J
taf Led had tad 464 lad bed led had %b ed add had & J badbad taJ bed 4pA lad bad 4 Atse 4dd tnJ had had had Gad Ltd had had taA bts tad Lad had had Led taJ bid nad had bJ baJ taf taa bad had had
rw ''= Q e) ao P4 rt (s= ej w) i s5i s) r.) *PJc3 O O O O O C.a O O O O O O O O O C3 O C3 (1 Q O C3 O C3 O O O

P PJ N asi cm f.e iri (5 y sJei* . * * *O O r3 O C3 C3 O O O O O C3 Q O O O O O O CJ C3 CD C3 C3 O O C3 O
C3 C3 C3 O O O O O O O O O O O O O O CJ O O O O O C3 O O O t'1 e) P%# PJ rw r3 e% r% cm eA 80 s J O N C3 s'm ** s*ee)*=

e
o O O O O O O O O O O O f3 O O O O C3 O C4 O C3 O 43 O C3 f'D W g3 @ ed @ ps @ PJ eA CF 1t r* 4 * F1 wi s se e a 3 ea 6,oe

o. O. O. Q. Q. O. G. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. Q. O. O. O. M. M. in. en. nA. in. ,se. 243. ws3 P'*%. r'%s. e1. *i2. te. (m. EP. ch. CP CP eJ. Q W. r ..
OOOOOOOOOOOOOOOOOOO4.3OOOOOOOO so e3 e3 e3 e0 e3 W e3 e0 e3 ao e3 63 e3 e3 03 e3 e1 e3 e.3 so so e3 m3

- O O e3 e c3 O O O O O O C3 O O O C3 c3 C3 O O O C3 O O C3 O O O ***=*****=ee="****=m'"********s'=**=*******
O C3 O C3 O O O O O O C3 O O C3 O C3 O C3 C3 O O E3 O C2 CD C O O C3 O O O O O O O O C2 C3 O O C3 53 O O O O CD c's O O O
e o e e e e e * * * * * * * * e e e e e e e e o e e e e o e e e e o e e o e o e e * * * e e e e e o e e

Gas taa had taif bad Lad &nd Laf time had had 4ad had had lad Gad LaJ Gdd had had 4ad bad lad had nee nad La# Lad 6ad ned badhad ned had had had had God Le# baJ tas had 6ad Lad tee bad tad had
. I f J e 3 a' A
led b J Let

C3 C3 r:3 O C3 O O O O Q O O O EJ 03 EJ O O CD C3 O 43 O O O CJ eJ O (9m gid g3 eq P= D r% F1 fM tai f a ** ed Ca 'n 't e A b o u* * * **

#*sr N M o = 1 d.d 4 * f d O * *

,s3O O O O O C3 C3 Q O O O O O O f4 r3 C3 C3 C3 r3 O O O C3 s 3 C3 O O *= v4 g)es) # Li >= (1h t J tm es9 e1 wa 4 4 " s't w1 c.4 t a w1 ** tr a E i n S
P= s'* tri ta166 % -o e* C +4 C D M t.,.; P 4 8% ** ttt et C' Q 53 w I,id i,3 4 4 rh

U O C3 O O O O O O O O O O Q O O O O O O U O O O O O O O t

O. Cd. *'*. e* N'" 4f4 r*b 884 e) f J f. N. N. M. #41. @. an. to. @. wed. 4. g3. i . gd. %d.
.

gar. s't.
Ob e) 40 Ex) c JsO O O O O O C3 O O O C3 O O C3 C.3 C3 C3 CJ C3 CJ O rJ CD 4 Q O L3 O

9 O. O. O. O. O. O O O. O. O. O. O. O. O Q Q Q O. O. O. O. u. o. o. O. O. O. e . .e + e . . .

OOOOOOOOOOOOOOOOOOOOOOOOOOOO Pin P= P= P= h P= Ps Ps r= Ps r== Ps N Ps r=. Ps N P% P% h Pms Fw rs N

O O O O O O O E3 C3 fi O O O O s"3 O c's O O O O f3 O O O O C3 O ************==*=******==**e-************=*===p

CC3QOOOOOOOOOOOQQQuOQOOC3OOOc3u O C3 C3 O O O O O O O e3 O O O O Q O C3 O O CD c' SO
e o e e e e o e e e e e e o e e o e o e. e e e e e e e e e o e e o e e e e o e o e e e e e e e e e e e

tee had had 4ad Gad taJ 4.A bad Lee end taJ tad ble end Idd taJ tad tad had ned had had tea bad Lad had tai tad had ned has had %sa led Lee tad had tag sad 6ad one Lee hadhad nad t

O e *'= P'i -F rh u w) es) V a.ed nad has LJ $ .e
d had

O O O O O O f4 O O O O O u O u C3 O O O O O C3 Q O Q C3 O O ** == P') et 39 ** r% iaJ 1 ( d d' st*
nd% * *4 t * SJ o* F1 ( * e a. t'3 == *c f L * kl981 e'* Ch e } tr4 P== 0 J r%**.4CS O p C3 O O O C3 r3 O O O O C3 O O O O 63 O C4 43 O O O O O f'3 @ ed$ (> gs f g r1m F3 ed if4 ei r.3. M ** * to f 8 P* 6 6 M * ) * * ** f%r

O O O C3 O O C3 O C3 O #3 O C3 C3 O C1 O O O O O CJ E.3 O O O O C3 V*J
O C3 O O O CJ C3 O O O O O O C3 O O O O t.3 C3 O o C3 C3 CJ O (J O r%e) p"t t%O e ( A 3 s.* ts)O =d3 ** as t <> *= 4 4 e' J v.,* O 4 4 cm e 1. p

9. O. O. O. O. O. O. O. O. u. s2. O. Q. O. O. O. O. Q. CJ. Q. O. O. O. O. O. O. O. O. O. O. **. ==. N. f J. t 4. p) M. f. in. ed.i @ why ga Ps. 5. tw ind. ist. as) d. tes s J. . . . . . .

OOOOOOOOOOOOOOOOOOOOOOOOOOOO @@@@@@@@@@@@@@@@@@@@@@@@
O C9 O O O C3 f3 ET C3 O C3 O r3 f3 es c3 O O O r3 c3 c3 e3 e4 e3 O es CD g *=w==a===w-**e******w*===**e**********

CD C3 C3 O O E.3 C3 63 O O C3 EJ O O r3 a3 Q sJ G O r3 O r.3 OC3OOQC3eQOOC.4OOOOOOO43OOOuuOOeJOile 4
Q. o e e e e e e o eo o e o e e e e e e + + e e ee e e e e * * * * * e e e o e e e e e o e + e e e e e e

%ad heJ taJ Led tgd 6ad 4ad heJ Lad led had bad had had taJ bed ned 4a# LeJ tad had had Led had had sad had and $J &ans

es) Sed 4md heJ &ad had tsJ &sd he# 464 hos % # 6ed. e.d6.* ee 4e e A .4ed 4 i e d
,

had bad tai tad 16 ned(aw e= a S s=14 a y art t 4
q q gm c4. ,e} e<> tw ws @ r%o a * ** ta e ** *s3 tt) P.t is t .C3 O O O Q O e3 O O C3 C3 C3 O O O u a3 SJ c3 c3 O o o O r3 O 53 O tad

C3 O O O O r3 O O O CJ CJ G c c3 C,3 o O O c3 O O c2 O CJ C3 o O c3 gp3 sq p%N ig Owsr#eaestssJ aa%H** |
> e CJ e ) e ci v. rw .n 4r *** t s f 4 e-1

-

th rs c3 ** H.P ei ret P= t a c'=) eq M e6 e 3 a a w .14 4 * e g } ** ** P%r% e3 t) a ) s n- es esO O O O O O O O f.3 C3 O O t2 Cs u a3 O c 3 O 4 3 O c.3 C3 O O O 4.3 C's
Q a3 O O O O C3 O O C3 e3 O O #3 0 21 O e3 o o o c3 O O C3 gJ 43 EJ W4 &be **a=*

O. O. O. O. O. Q. O. O. O. O. O. Q. O. O. O. O. O. O. Q. Q. O. Q. Q. O. Q. O. O. O. O. N. N. M'= 91. to. v. (. to .5 edi. wa. %,a. h. is. ed. ej s ) eJ. u. t s. rs. @. v. sei. e*
. . . .

OOOOOOOOOOOOOOOOOOOOOOC3OOOOO tad m m to nii @ d c m ti) e 4 A to 4 ') @ O 4 m tal A M e t M in
O

O O O O O O C3 O O O O O O O O O e3 O f3 r3 O O re O O O O O edT w*****==*******=*****==***********===*****=***==
C2 O O O C3 O O O O O C3 Q O O C3 (J O O Q Q Q CJ G Q O O O C3 O O C3 f3 83 C3 C3 O O u O O O O C3 Q O O O O C3 O e3 C3 es
e o e e e e e e e e e e * * * * * * * * * * e o e e e o e e e e o e e e e e e e e e e e e e o e + e e e e

Lad Ltd Lad had Gad nad had had Lad tad 4Rd tee haJ Lad %Ad had haf &ad heJ bad tae ned tad had had had had tad 5* Lad 4.d tea tad had 8ed had Gud %J kJ Aed tal
eJ q t 3 e cp cm e .ned 6ad 4W t.ad had
had bed tad 4.sd 6af Lad kaf

dJ h e) O 6 D 80 U t e) 4.J e t ** r% 4 7 Pr'**P"1C O O O Q O O O O C3 C3 O O O O O O C3 O O O O O C3 #3 O O Q ryn e) e1 ** ed O tai f J # e) O PJ $ 4 "@ v ,3 e P%

( *= 314 Q e} r31 C3 O r J ed) P 6 en 1 =.(1
.= d 4 m.1 t J *i en O .9 e1 f J

O O O O O O O O O O F3 r4 O O O O O C3 O O O O O O C3 O O O N e) r% wt =

e P% e.#)
C3 O O O O Q tJ O O O O a 3 ta C3 r3 C3 O O O O C3 O O O O C3 f3 p had
C3 O O O C3 Q O O c3 O O O O O u c3 c3 CJ u O O r3 r3 O O O ti O U e P% & #9 6 f.3 as) f> @ ei Fi r%=* . P . b t * V% P4 P.) C3 Q

en. tn. @. @. rm. r%. es. ey ej en. e. C3. Q. Q. Q. u. u. ss. e. t fS e.*@ 2. N. w.
**

.
en e

O. O. Q. Q. O. C3. G. O. O. O. C3. co O. Q. Q. O. c. Q. C3. O. O. O. O. G. C3. s3 0. u. pe e . . . .

O O O O C3 O O O O O O O O O O O O O O O O O C3 O O O 4.3 O e f W # f @ @ W d V W W en inin tri O to f @ d W 4 d M
>= e

C3 43 O f3 O O O O O r3 O O O O O O O f3 O C3 O O f3 O 44 C3 O #1 et e ***=*=r****s*****s'*s'*s'*''***********s'****=o=**
QOOOOQC3oOOOQOOQQQOO63uF3O4JOC3OO e C3 O O C3 CD C C3 O C3 C3 O O C1 O O C3 C3 O C3 O O O C3 Q
e o e e e * * e e e e o e e e e e e e e e o e e e e e * ). e e e e e e e e e o e e e e o e e e e a e e o e e
had has t.d Lee we 6ad had has 6as tes med ned 6,4 he tea tse nad les tad had had had teJ tes 6ad had 4as nad t.S e tad tad tad ted and 4 0 tea ned med ad tea tae us 6.4 6.e tas tad se# nea tee.t.d us e- e uaO O P3 O O O O O C2 CJ C2 O O O O O C3 O O ri O CJ O sJ O C3 t3 C3 O/. e

(4 en o e e= s r em V e) 4 ) te e a. P '. ** * Pt 'O rh h + 4 Pd ** ** e
e I s* < 3 4J = 1 > t . r 7 - aweeAe

a e) fD .dD F3 ert t%(J 6 i M el ftQ Q C3 4J O O O 4 3 O O O #3 O O C3 E.3 O Q 53 O O O CS C3 O O O C3 tad e
Q O O O O O O O C3 C3 r3 O tJ O O C3 O O Q t3 O O O O CJ O C3 C3 2 4

M f3 96) e ? ** W3 f J f* b P'J nn ei 4 ) ** CD D1 *P G ) 'M st'% * 9 ft
1 *t) P 18*) 89 C4bC* #%F3 O 89 tii Ps ./l 6**

uti P%E3 4 f% =P t1 C 6 4 ' i f*DC3 O O O O CS O O O O O C3 O O F3 O O O L3 W3 CJ O O Q O r3 O C3 Lad

Q E3. *"". **. *'*. N""" f J. f d. #4. M. Pi. V. W. W. s' .b M. i 4. e* G. en.d. @. #. **. W).G. 47. O. O. Q. Q. O. O. L3. O. O. Q. Q. Q. O. O. O. 63. Q. o. O. O. O. O. O. O. O. Q. u , . . .

O O O O O O O O O O O O O O O O O O O C3 O O O O O O O C3 ** W t e d W d a @ p t W d # W W d 4 @ @ M F1 r1 M rJ
9* M

f3 O C3 O O O C3 O O O O O CS C3 O C3 O O O O O O O ("t O O O f3 nad *1
e= e== *== *= ** ** e= ** ** s'* s'3 O C.9 C3 C3 C.3 O CD C3 C3 O r) c3 c3

* == po s== == e= e= - e. e* e= s= ==

O O O CJ 43 O O O C3 O 4.3 5.3 O O Q O O O O Q Q O Cia C3 O O cJ O ** E3 O C3 43 O C3 O O C3 Q 4
e e e o e e e e e o e o e e o e e e e e e e + e e e e e We e a e e o e e e e e e e e e e e e o e e e e e e

f 4 er) v) F,d bad bd ted LaJ 448 ted $aJ Ltd had bad b.J bad Led %.S SFS 4 Etad Lad had had Gad Lad bad tad tad 4ad Ehl &$d lad bed nad bad ba# Idd bad $ad GGJ &aJ %Ad bed bad 444 had had M $aj t&J &ad 434 La kJ $35 %.a Odd
43 O O O O O O t.J Q O 4 O O O O O O O O O O C3 O O KJ O O O **

u m ,,1 Q (* 4,.d e,) ** W) N, F'*ge3 ( J wi r" r* **, ,& tA em a.P *** dul 6 4 & v.1 ** * * f, a, y ,r,3,
e) >1 ws) & rs) e *C7d%es) .(s # 5 Gs14.9

e) tm W ) 1O O O C3 O O C3 r3 C3 O O O Q O O C3 O O O O O d.2 O O C.3 O, O (J, ty , , , , , , , , , m o o n , y ,n .OOOOOOOOucaQOoOQucouOuOduOcCe ,,
O C3 O O C3 O O O O FJ *J Q O O F3 O CJ O r3 O cJ O (3 O C3 o o rJ had A
O. C3. Q. Q. Q. Q. C3. O. O. C.A. O. O. O. Q. C3. O. Q. O. O. O. Q. C3. Q. O. O. O. O. O. @ P%. f%. rs. era. e} DJ. e) EP, Cm. (Jh. t.> f* CA. W. f%. @. in' f P ** . P h e a a. eq e* W O. f J. Q.

CM ** # h CD M a7 r* PJ W in en d** Gd I r% h t

og . . . . . . . .

O O O O O O O O O O O O O O O O C3 O C3 O O O O O O e3 O O M F1 M er) M M M M *1M M W1 M M M M M M M M f J PJ f J e*
a >=

O C3 O F3 O O O f3 O fS S O O O et f4 o r3 O r3 r3 ci es O t1 O es f3 3 7 *=**-****s=****e=e=**r=******=-*=********==s*
O O C3 O Q C3 O C3 O O Es 43 O C3 O C3 Q C3 c.3 4.3 O O O c3 O c3 o c3 6. ad e3 O O O e3 f3 C3 O O O e3 C3 o r3 23 O C3 C3 O F3 e3 O C3 O

had has .ad nedtad bbJ tad had Led Led 4sd 4+4 tal Lad had he Lee had tad had heJ %.J he ble 4 5 tad 4.d ti.d **

p e e e e e e e o e e e e e e a e e o e e e e e ee o e e e o e e e e e e e e e e e e e e e e e e e e e e

6 an t s *= 9% f d V kl4 f d tnnf has tem had 44 tes 4.4 bd 93 s
had hae had ted 6ma 6 e Ledna had had bs4

O O P3 O O O O'% %.3 t3 O t % C3 O %J O E.S t.J C2 C913 O O CD O 63 O L.3 e 5 ** h h th g.g wb h .( J ty V .a las 4th
be qias and

O O O O LJ O t 49% **9 **1

.e q 4 e.t).e 3 e - r e d -, . - P,. e 1 P%ei M . .r - ~ M .1 e a. r t 3 r. 4 p.ru
F1 (4 O O f 3 4.3 C3 O O 4 i O cJ O O t 3 O O O C1 t.d EJ f% wa J M P en g,pm g) y e * ts 4 v3 e

OOOOOOOOOOOOOOOOOOOOOOOr,nOOO eJ u -Ma
.o r% .) .o f 4 P e t E-

.n e uJ

4 te se P%edh e* f J f J ***

in. ti.l es t es) @ ina. @ ees Ps. P% 6 Ps ged. Vb to. w. P B e= &%. ,d I & CD tJ) 4 Jt> #3 O. g3. e4
O (3 O O r1 (3 O O C3 O O C3 f 3 O O r.3 O O O C3 (,.3 O Q C1 CJ O O O e

e eQ Q O. Q. O. Q. Q. Q, Q. CJ. G. Q. O. SJ. O. O. O. Q. SJ. 4.d. O. 43. O. O. O. Q. Q. O.. . 44 e . . . . . - - - - . . .

O O O O O O O O O O O O O O O O C3 O O O O O (3 CD O C3 O O N e M e4 M og p1 M M psi ert r1 M er1 M M esi rg en M rJ N fd N si= e
N e
e e* e e A
k 4 e
== e 0

e ce
*d e
(- e

.J.
co a .a te r M cJ - O em es e- s e * M es ** C e ea r . q m # eo N * w D e, e,i rs, ,o i.n, e M, r,a ,r,** M r% e. .in. .* M e ' M M i J

e-* ct <* Qe
N N edcJcJeJ N N rJ - - - - - - - - - - Gn s . ., ,r , # ,o n M M M ,o 4cJ



4 _ ____ . . .m ..a . m - __ . . m - __ , .-. -.#-# - ._. - - -m--m-~ ~ - . - - -m - -m--

i 210
1

i

|

f

4

d
|

I

fJ PJ N PJ N N N N af4 in @ in en in ef4 @ to no to trs se in in en W in in in to @ so to en in
N PJ N N PJ PJ N PJ N N N N PJ PJ N N PJ N.3 O. O O O O O. O OO Os.3O O O O.*e*O O O O O o OsJO,O O Oc>t**J43O OO O O O O O O. O O. O O O O, O C.3 O O. se e e e e e e e e e e * e e- * * * ** * * e e e e o e e e e e e e e e e e e e e e e

P t f) m
.lipJ Sad w b4f w &at %ed had LW tad w had th$ hef I44 %Ed %=id w % J b$ b80 EPEhad b# libd h 5 8 440 4aJ 448 bpd 446 Lad L.O LRd bed 6&& ted %ed %e$ IM Gad RS W Sa8 taf hisJ b.dlihJ heJ

e) N et af %ed Lee) ** ** =0 in - qA (* M ej e) o e) <> f%e* f a J1 r% ** CP= P% 4 wt u %3 P D eO e' f # t - O ** =o i i r* et = 1 @ P . 4 3 M s t SJ

cm V PJ m P% e) w t tid Cm s.P ** Pa. P 4 r% 43 g J en t, ta es f * 9 3 O f J *" t'J 6 %M =as # el Ch O *O fJ N mP M ev %* f% ej ** # P'io C3 N to P.J ** ss3 e''*3
*

fJ

=? d
.* e4 om h en m '* 4 *

1 ** ei P"I e1 ** P .tri w** e r%~ d O #%O *P %s ** O ett @ ett sr 43 P 3 A Q so O e 1 O e4 7% O41@@@@ J@
w'= @ O r% Ps Ps 9% r tD. P"m P%

J. f 4. N't N ** O *> tw%". bi # m **(a.PJ.rd.**.*'".=".**...**.
%) @ wt]

#9 N ** P* O O (M (> CP f> O - N & f% ** %3 m ''' 04 89'm gr) m P=. a(4 #. to. e3. **. W. m3O. m. s*J. N. N. N. t J. f 4. c4. fd. f d. ( J. N,
NPJ P

'

e. o. e3. e3. e3. eJ. rs. r%. e=. r%. mJ, m) e3. eJ. e3. cm. ts* O. **. .
** m an ert m m m *9 m *1 M M vt m M M m M F1 m s9 r9 M r1 M P1

.
g . .

N N N N N N N N N N cJN N N N (JfdMortM m*4 m f f Mi

I ed N N eJ f J cJ PJ ** ** e= s e= == e= e= == - em s= e= == e= == == ,* == # # # ,, gp w y # .p ., a a # d..e ,, p e w .c se e f .e .* 4

O. O O O O. C.3 O. O O. O. O O O O. O. O.,O O. O. O,C,s O O. O O O O O O O. O O. O O O. O s.3 C O. c3 O O O. O. u C. O u. u u. c ui e o e e e e e * e e e e e e * o * * e e e e e e e * *
j es i., .a w w w w , 6a,s n w w .e. w w 6., w sa. i, w aa su w as .w) Psw waa6.si.a w w w w w wnas.,su w u w w 6a. w w sa w w te.=a.

ga P%( J e== e= O o so ( o vt ei s J gn e } s.) t 4 ** -m g() gry m P u
SQ t} e . e% @ e) @ sq m 61 e e* e s3 *= RA me ** ej A O t%O W1 o * Ps
O en ci 149 ''' *f O m eq Q 6J O si * M ei (% sf eJ m) @ P4 e18''* UkFs O r W - 8'" O

n

6* m If sp P% eri f4 P%F*fh ej mrt N E3 *a e) ** e7 *" IPdP # W"i t() cpn F1 *% N #% ** @ r* i J J # 'o **. e a J e t CD" N * * f4 f J h

V *9 m f' J " "O O Ch e3 r% @ f 88'1 - O c'* t% @ f U tel P f 4 en'J O @
@ ( e 4% e% 40 e) f% dp O cJ O ** *= ** ** C 3 O em 4 ) % * en m ''m' *P6 'di

M m1 0 to Gi@F C3 es t * EP m N ** @ P% N <> rm 4#4 e) O @
O # #'m OP%"tJm3.P* e f d wii @ ** v f r** tal

. h. . . . . . . . .@ O. w Uh. EP. Em. 06 (P. (Jh. 06 O. O. O. O. O. O. O. Q. O. CPh. LA. 4A. P. (P. ( . EJ. M. Se3O. O. O. O. O. . . . . . . . . . . . . .
,

We 58 58* 9* f* a= - @ @ gg gb @ @ St@ Q Q g Q $ P% @ @ @ g $$ W) @ f er 4 @ f f @ @ @ @ 401040 @ @ @ 9* 4 @ %p T d d %I

5 e= s== e= e= e= a= e= e= == en e. = .= e= e. = e= e= - om e= - O O O gy e se # .c sp .c sp sp .e se @ # # e # sp e -p p . 4.c .e s= + e

O d'9 O O CS O. O O. O. O O O O C.3 O O O O O O O O O cs O s.3 O O O O O O O O O *D o. C3 C.a o O O O O. O C3 C.a O O f3 u oe e e e e e e o e e e e o e o e e e e e e e o e e o e e o e e . e e e e e e + 6 e e e * * *<

%ed had ,the tad bh3 haA nee hne tap &ad led MA Lad %se taf Gu.d .6sJ Lh4 tad had tu tad %.# tind & S t.68j
+ O e% e %> u~ <> . led hh8 Lea ned hb8 hh8 had Ltd had b.) @%se bal 444 GsJ Lad Gad bte bed bedes @ M M to e% e

o~

tef %sJ Led 4dd tend &ad led
m e e en em + O - e> < > <s e M wn o -s r - - a vs r% O f ; Mr m eJ m e e m r% w e

ej On J N t J EO O 8"9 P'D no f J 03 in Ph *" P% t '% si d P%P% N ft) P% O O O ** e* N @ cm @ s 3 3g (J , q e
<

e3 er ej f a p , Ps # W1 M tA w ) g3 4
s"' 6 af" to C* #.g s% *F O f* C d Eft) ei= q ew el f y 84J

e) e Q r%eA eq w em Ps s <'m m a() pe=s1 1Oa*t-f J O Ps* *N0 # f J en .g O #
(> t% rm" O *"9 6 41 P% f a =* ** # Q 09 89 el 4.s # m O PJ ** rs e) @ @ e) ( J t',,d m F4 & to WS @ P% ei e 1 (* O ti ** ** ** *= em et en em em 3P% NP

8
f @ tn. #. W1. f J. **. Gb. P%. If1. P4. O. f%. 8 9. CP.n Pi. fem. ga. **. @. e3. g . pg o. O. g. e3. gym. Q. g p O. O O. O. O. Q. O. CJ. O. (J. r* e* - f* ** r=. W*. e* O. Q. O. b3. . . . . . .. . .

80 e3 43 e.' m3 e3 e= r* N r% r% tas @ @ en e M m N o- = *= cum c= 0* 06 ** ** N N N N N N N N to N N N N N N N ed N f J PJ fJ f J N rJr

= = , =- ,. - - e= s= - - e- = e= - e = O O O O cs c, O O O e#se e .y se # # # e .e se # + + # .e e 4 .a. w .p ** .e . r .*

!' O. O. O O. O. O O. O C.3 O. O. O. O. O O. O. O. O. O. O. O. O O O. O. O. cs O. O. O O O. O O. O. O. O O O O c. c. u G O O. O O Cs O O a.e e e e e e e e e * * * * e o e e o e + -

blui tad had led tied 4ae W bed ted had bd 64J ha bs4 hb8 Lad had bed bb4 hee 4ad 460 tas ted .Ltd b.hI tad 4ad tad had b.J &ae tad %6d tea tes bad ned had ted 6ed bed taJ And ted had Ede tind tdd bed had b.A

68 % CJ V O CA %8 W W e I *Q es t n 8"a .t 3 ~T 4 i * war%d J f dO ** 4 W f%
N m O N 96) #1 # F) *% eel s'4 @ fah 90 CP v'* sJh @ C.G V f% FM C3 %B3 4} PO

** P% 4) O') @ % 9 t% S
-

I

P4 tA .$% M e'% 4Q O ** O P%o N P% *" P% a i Q h egg g .9 w83 N r3 a3 .'p** P1 P J c - t 4 O .gn* g '3 ** M "'* = 1 4. 3 u* C.3h a e l P- -

** N af n P% (.* O O (4 J W1 (, ) hd V PM 981 *= 43 t Org o OtI
, is P7 t n tqs

1 e M C'* # ti) 6* fB C f% fi N @ O * P%sa N 4 p (>el m PJe$eqs=gg)
@ 41 C3 O - - f 4 m m -r t/4 4 8% e) (# P SJ' O ** * * C# e t tm eI h=O ** to ao @ Ch ** r% <>J ** a*J ea w 4A (Jmse s* cm s== e) e i # gp ed

q

N. '** O. 413. ''eh. #. **+ t> @ *'* P%. N. 9. GA. (J. w#. e* 30. O. O. m3. EP. #. f J. **. c'" .O.O.".**.*.*.".**.**.*".**.**.**.".".**.iJ.04.N.f3.fJ.fJ.tJ.***"**.
rs r* eg @ @ @ o in in @ e e n cJ e4 -- ea P% @ in en o es ao om.

E4
. . . . . g ---e---------------*------

5
- - - .- - - - - - - - e .- - O O O O O O O O O O O O u m m m m .e m m m m m m m m .n m m m en,e m e m e m m m

nas OC3OOOOOOOOOOOOOOOOOoOQOC4Ca eJ
. O O. f3 O O O O O O O, O, O,O O O. O O O O O O O t.PQ O O E/1 e o e e e * * e * * * * * * e * * * * e e * * * * s*L * * * e e * + e e e e e e e e e e e e e e

tee tes tad ,Las ses sas 4.4 tas taa ans saa nas saa saa nas 6 4 ana t.s an, tea w ei.e s.e t J see .snas nas a.# tas has nee we 6s4 eaa saa n.# tas nas w 6.e saa nas tea tea tad saa ime w nee nas tas,

e) sa$ P% * m r") M e em (J ej wm * 7 em Ps (> r= tos3 es t t = 4 3 ere 0 J b t s 4O 8*% CrJ f J 4%Ps e3 O P%** W N P%@ # * = P% 4 <> @ p tm rm Q **) e J PM

f* N C3 E' 'O P'* # 4 *O ''1 wJ *e '@ Q O'I T #'1 'n'd " f'0 88't N P% e1 m) 'ti Pme
naa

p

@ e,) nn f J Ch @" m so O e $ cm n tr$ f's M =* so s) tai e ) h,d f d int * ,e PN
E a - es + e= M an * 4 m vP. rs* # ** O f3* * 4 48'% 0 J OJ N %) e N O

'r O EP C' f ***Le*'S O N 8 **O
tai O M3 ''4 f J e a "n s

P%. G'Q O'*b. 06. E s. O. **. **. ( 4 84. f'o6" 4 *n @ P%. P%. e3. @. (P Q't ** r> a "n. Pa.. O. (P. O 5 0 0 =. %3. V.
el (h e) P4"* t-
# wrt O *

* N'" O N #
* OOe 4s *

04 f * imJ i ) ** Cm # %-tiP 'J *1 ms3wo 8 't *

O. M. ma. 4. *=.' e3. d. O. en. O. V. Oh. #. C. O. O. P'J O ** J f J ** O P% O en
O P J ** ** @ O f J C 41 W t-

Om. @, J. mG. O. ef) ** P%. e .I (J. . .e. .. gn#

90 en @ In en @ T @ 80 9'#I N - 8''' *" % te*J en in qn @ @ 40 Pg p% e) Ob O @ gO qO @ P% P% Ps f% P= P% Ps F% f% P% 8% P'i. Pts f% e) e) F% P% P% P% F% P%

- - - - - - - - - - - O O O e O O O ., O 5 O O O O O - m m - m m , - m .e m ., m m M .~ ~ m m ,n ., ,n .- m ,e n ,n
O O O O O O O O O O O Q O O E1 O O O C. O O C3 O O C3 O O O O C1 O CD D Q O O 44E3 O O O Cst 3 O e# O r>4"iO O FJ O
e + e e + 9 e * * e e e e + e o e e e o e o e * * * Et e e e + + e e e e e * + e e e e * * * * * * * *

e. he)
404 bb4 %sJ Sad bad led tbd be 9J tsJ .464 end Lai4

3

b.4 %d e b - d 4 0 e4td 446 had had tih$ Gad %Bd LaJ 4.8 tad bud thd bbd %ed b.8L68 ead had %ed LeJ ted had %68 %Be Sad 6aj W Lad 454 lubl Gild %Ad %ed bh8
& g p wrt a es n - em ** ed Piw ** se f 4 %J w t # =O @ trT as t 89 e#v e%| ClhPs es) sJ h P1 Ps to N p% r%CD r1 ta 6 es .f tw OJ ta e 3 in ** N f J %) @ K.

J F,a o.) * 1 na e ( * 8''4 ., * P 1 W *" W1.*.*s
9"-'"b O 89 Lfh 4e 9,in e J e, PN O,p ms) 6ul -s3 6 ) P ) f %6 i . Os* - . -1 o Ps P%

** @ O F% = *- @ (*n Cs ta) e1 *" Ori F) O ed O >4 O' @ N - *'" O f.Th
O - e e.;14 89 P% C6 89 P*1 ** 9* P 4 ** f J ** CJk O fk tsi r% of) e) en P%2 & N e m # c e v e4 - w; eJ -- f J # f J c, P% Q f4o --m# Jee-rw
e) ** f a q 8

P% cJ e2 we

In. ge. su h. f%. RJ. 4J. e.P. (P. O. ''". ( J. P'**)'t, t P t P%#. en. en. so. @". Es1. u')t. @. vb. s'* 4e. f%.
O" t*n 8% tai e * e * *, .*P% **=O Q to1 O to f J ft *ys se f'J t 4

'

SQ SO. ed. G4. En. **+ 30. **. P'm. W1 O.. V. eig) f J.
8'* **.g =O. r.;3. #. fp q O. ed. 90'*

*

. . . . . . . .

>'.
. 4 . .agj

W @ @ 8't m M N N ** - ** r% @ an an En en in en e d =e r% ao e3 cm W 4 4 e # # f @ f in en en in en en en n e in en ln in giin 1 e
%

8 * - * * - **OOOC5OOOO85OrpOC349OOOO LS * * m e9 o9 sq m e't og og e en om e9 e wt se me ei me me m am M pes en M
O'* *O O O O O''* *O O O Q C O O O O O O O O O O O O O O O CL O O O O O O O O O O O O O O O O Oc4O O434)c)O O O
* * * * * * * * * * * * * * * * * * * * * * * * * * 68 * * * * * * * * * * * * * * * * * * * * * * * * * *

Lak Is3 haf Gad 4md had Raf beJ 44# 444 ledhad heJ bad had ted e cf 1.e# 4a E
o f J o N m f J o n L48 hhd 4ed Lad LBJ 640 bad had .$44 $4d 444 tad &md had had %44 Osd 4

Ga# tad 4mA tae Lef has libd bh4
N o e.J rw en %> o o- e3 < J 4 e . rm er in e ** e; .&.ad Lad had tild ned. e)f had Lak : v s w eJ ** r = * 6 s e n .a u o e ra *o e y *3 - O e%w 7N 6ee 80 set O m 9% O ** Ps ** tel 4 e aft f* 4 *,1 edi P% PJ e J tJ* *e + 4 P i * * 4OJ - o- g) @ mo O r>h J m e J se* as sii %9 eu c O @ f J *O e3 me N 90 Pi LJel (> en .P W s') =d O ** P% en 4#% en't en. an =O. e,n, O N PJ # O e'1 as) M W9

@ 80 W f J e9 P% N *" f 4 @ t F G io N M 80'S PJ *d ** f d P J f* * J e'% e *"a C
4 PJ N V %f) N M P 4 8n f> ts 1

# % 'u) C3 4.A N au C1 - ** mo ** f> t% P%4 *e f% * e- Cl* v = P e's ei M @ O Mr%fJA *= Ca e
N. f J. se. M. 88'l. #. J. an. of.e W F%. Ps. O'J. e) sie. Ch Em, u'D 4 i P~s J f*d 64. sp EA. eJ. N. is t. M. fJ. f w40. f 4. Ch. 4. O. mG. Ed. O. CP.' 4. @. O. a3. m) EP. '''. 881. =a t ) es4 en Chhd. Om. f4. P=. **. @. s'* rw M.

8

P* e
. . . ge e . . . . .

m M N PJ N o" *" *" 7% so en d f f 1 in e in n =O ia 7% sw W e e Z e M to P9 ''1 so sq D'1 wt eq m r1 **'t W184 do so eel d M 89 s*l 89 m edi F1 N
*e e

**' ** ** - - f5 O O O O O fS f1 t'4 CT S O O O O O O O O 4'S O g e m 96 sq M pi eM se 36 g6 M se sq psig 36 sfe p6 Wg M 36 ed pp1 p6 Wi ps9 W9 pq

O O O O O O c' O O O CD 4.3 O O O L3 o at C3 t.3 O O O O O O e O O O C3 O O O O O O C3 O O O C.i O O M O O a 9 O O O O O
,

e e e e + + e * * e e o e e -e e e * + + e e e e e e te e + e e e e e e e e o e e e * + e e e e e e e o e e e
1 %ad had had had led haJ bed 6ed 444 had 4ed &nd SpJ %eJ tse had Ltd &st laJ bad bed eaa Led $4d Edd Lad 7 * taA hee liaJ tsJ had knJ bh4 gag Lgdegj q34 Sa8 %b& bad L4d had hhd beJLad 484 %ed hai 164had bES Itk

(* J r J e 1 O Pt e,P 7') L# '1 u F 8 P d ** art N * 'J . 8-j OJ f) CJ Cd V C 7** In # f f f J %i.e ad e1 Q Ch N J Q an 4 eg) Cm f J $) n#4 4mf 4 VP E J s'= f J ge'l M *+ t'S ' * FNe
en P,J mat t') 4 ) 45 6tsh W) PJ 6) 86 '

89 P f P% *.1.e')) rm sr P'i st'* V.O (P - 4.s si # e J e.i .vi usi 6 e) C) *.P. rW @ W W In" in ** *1 P% ** e O M *e n 9 a Ps *f 6 3 C'A er) th P 31
t*'t 8 %( *uOd O es7 O Pi V% A 84 W ** V ** ** is1 O ** tsi N fw 871 P J an (J gr's e* eJ e

.J e4 so s * M so ** * P @ vO N 99 v m O W1 P% Ch 4 N af* P%e) an W184 pi eJ tn P% Cm 4 * A P3 e
# @ 04.7 en el 41 @ W e4 ** N *'" o 4 em @e.%o$ert***faP%in r% en

CJ e4 en 9 *. td .6 q(t @ wD. P%. h. eQ $3. SJ. ej 3-J. Q. bJ. fw g) ap ) #P t *''* @ 43. M.
4*#

#. CA. =O. 89. O. E J. id. =G. Q. Pio qO. i@ P=. 03. O. N. ag ) gQ e* hf% (P. P9. rim. r J. P%. sn. - a= . . . . , . . . . . . . . . '
4 . . . . . .

N N e* ** ** eo 4 d e i.P W f P e in m en nft wo e e P% P. e0 m2 e H fd ed f 4 N N N N PJ N fJ N fJ N N f. N N f J f4 N N N N - ** **
,

s**- O O O es e3 O O c3 O c5 O O c3 O f5 O O C3 f3 f5 O f3 O o w '"t M em m9 M M se *** M e9 wt m't e t erg ee en se og pS p t M ,o M en c g c y p)
,

O O 1.3 O O O O O O O C3 Q C 3 O Q O C.J O O EJ O, C2 ta O t.2 O Q O O O O O O C2 CJ 42 O O CD O O O C3 O O O r*J O O, O C.s O O|
1 e e + e e e o e e e e e e + + e e e + + e e e e s + e e e e e e ee + + e e e * * * * * * * e e e e ned

saa 6es W med. na,s tea s.aJ aas Les ese and ha,s. one uma te,e. .w,, ,6 e. e ,6e,d i.as te s Lea sa,a . tad na ' 48"*
g

e s .3 n # N o e c e c o c . es O .n + .u% - c., o, . w.o. . O ,SeeN 4 o. ,nas ta nas nas nas ,smo, o. .las teJ t.4 w ese s.e sw tae ,and les. e.,-e w L.u.a 6ss tas
tadNas 6a.e eaa

-Ma r f a f , e- N e m % ,, . r... o i4

M .n # u . o *e.4 N M e Co. o in de
- so r ,Ooe .- e

-.P. .n M c., e> O c c 4
-ei - - Men - <

in# c - @e .r . m 3O O.,,n,P.O,o# ,, P,. ,O,.o. < P,e eo ..
M t cJ e2 O

-

# - < .- s1 m o - sincJ. . em
o* * i , e y e= y go sw r j are N 6.%F3 ** #h P+ f%) = 9 # ** e J g d E.1 th a 1

en. **. 89. e O. N. r'84. r%
P=-

91 O g ts''6 => P% a= gr) g } u. M O gn e, g3 esa. @. f*1. ea s. 4. ig e n. Em. **. f. w. em. e J. =c. Q. s'el. so. 4. f %. en.e6. on. ce, sp O, O, O. O. s'=. s' .' **, * . 0 J. N. 0 * **.
O @ P% 89 e i M 8 erg mg gt,j

e .
EL

. .
** O. v. eo. e. #. o. a , e. <s.)

. . rs .

-

ee a5
** ** C* P* 4 e f W f f f f f f ef) en an eft 4 4 f% r% P% e0 so em 4,8 ''* - - - N f4 (J N N N N N N N N e4 N N ** - ** - *= cP 5 ertj m >

3
, ** P1 O f3 FS 8"5 #S f4 r3 O O CD ET C O e2 O O O t') O C1 O O ES O ke * e84 to M 89 M ri M edi86 89 84 88'% 89 99 889 89 M #4 69 P9 sq Pt Pd r3(i PJ j

.N. O O s 2 O O La O O C * O Q O O t''l f4 C8 C") O O O e9 C7 r3 o e 3 EJ
f, C O eJ 4J Q 42 G. G 4.3 EJ u u. o O Q u c.d C 4.a C.a o 6.,3 s.a Q u t.a O

le e e e * ** * e + + e o o e e e e e o e o e + + e e e o e e e e + + e e e e e
w .e .e w w - w w w w w w w w s w w .e.,w w e. .e fr : . a. c. a,e. w w .a . , ,, w w v P, ,, vw w w w iu w w w w . w i ,.

e., w ,e, w w .e.w w w w.e. aww w g
, ,e - , m ., u to . , N ,, o M , ,o e m, e s ,n .e.e c o .. , a. ,o . e .n . e., u 4 e - o . , M . . ..n J
{ O P8'1 f> f> f.P sr i.P ) L 1 l'J ( 1 ** f f 4ft (Q ** #% P'" e,,, es o N) J C J N 4 ej to dP(* J M"#

d,
** M Ps, f J ,e Ps o a <%v= Q = * @ d h 6,J w 3

P= P P%f s c* in f g
o P, 4,i ** ,P en, te o - e .n .e , *, m.m e $

g,*

.>O.N N .o e o , ,9 P s - - . - <, v cM ee e.-M-o e 4 ,r %.

P4 V #9 t.* $4 * V "J PG - @ O fp r= r 3 Pg + ar9 se sw4 84 e j PM fp ep e e CP ** eq tt) r% CS 4 m P .4J gr) O C (3 e: es e O sd p y t3 e c - so an ,db C

O O. f. r"* h. f. N. N. N. 84. #. @. r%. ed* fJ. &. P%. O. #4 4. O. V. eQ N. p*m. eq ''' 88"' ''* 8"* F" ** ** 8'a en e=* *e se s'* eie f.e so ym eso se ce pi iiG. Pa=. 6. F%. f%. e4. eJ. OJ, SJ. eJ. Gr* m. (P. tsJ, 43. e) W %1. en, M, ** o. ts) isp Q 61
e 8

. . . og eI . . .

j *" W d in 4 T @ @ d T T f d @ In @ in @ 40 @ Pb P% (% e@ $3 5%. *% 9
. . .

ggh pg gn g pJ
1

N *
I e e i
- e * ^

9 0

.& e e

S >G
O 4
men S

I d A 4 84 PI *** ft (P 83 P'* 4 en f PF4 PJ ** f3 @ WS P, @ en f W1 PJ e". ar, 9 g C'9 f> e9 Pw .4% Bn d am e.f g ,p so e , P. gg) 4A 4 es9 pp e== eg rm sq g% 3 #gJ ee o rp pp
i N N N N ( J N t J e" ** ** ** *= *= v'- *= *= r- H gn + y 4 3 4 # .y M e e ee t eq M ed eq p ,( 4 g J N r g g J

.

1
?

.

! .
4
a

1
4

'!

4

-nrn- ,.. . . - , ,,n..- - -.-------,--..,.n ---,--m-- - , - , . , - - - . , - - - ,. -- , - - - . - - - -



,

>WHJ

555555555555555555555555 .
000000000000000000000000
* e * * * * **** + * * * + * * * * + +**+
EEEEEEEEEEEEEEEEEEEEEEEE .
127947504759249524641652 .
740966939344296329037239 .
3390409317165070&1202710
09a377673925075711733976
l.0.D 0 0 0 0 0 0 0 1 1 2 2 3 4 6 8 0 4 9 5 1 9 .

.

333333333333333333444564 '.
444444444444444444444444 .
000000E000000000C0000000
* * * * + + ********* * * * * * **+*
EEEEEEEEEEEEEEEEEEtEtEEE .
310610655953777696826963 .
344012375585264273190497 .
615393505070301055407947 .
207412523519778967110369 .
887776665554444443208519 .

.
444444444444444444443331
444444444444444333333333 .
000000000000000000000000
* * * * * * * *** + +* +* * + * + * **+*
EEEEEEEEEEEEEEEEEEEEEEEE .
12249S524302359619752140 .
143223261130913023142154
430944855520779790231154
530974061589600539165197 .
000999988765431992139735 .

.
222111111111111865432221 .

.44444433333333332222'2222 .
00000000000000000000C000 .
* * * * * * ***** * * * * + + * * * **+* .
EEEEEEEEEEEEEEEEEEEEEEEE .
44331092928319242552226E .
4732443$3256263194424496 .
910423955044509259202201 .
542962574315371420333309 .
111000714541879387596399 .

.
111111998765321197655543
333333333333222222222222 .
000000000000000000000000 .
* * * * * * +*+*+************* .
EEEEEEEEEEEEEEEEEEEEEEEE
5970575365S47419?0973850
4913293774S6290041711167 .
906318454763292901454151 .
497937277921914560344378 .

29628268026153917656788.E. .

766655433211753322222222 .
333333332222222222222222
000000000000000000000000
* * * * * * ******+*+* * * * * **++
EEEEEEEEEEEEEEEEEEEEEEtE
120626291483331t53151684
06354392751537353$206471
55i531993913739030495959 .
43635133+ 087872919915077 .

40616151.E.477187677801346 .
.

443322117532211111122222 *
.

333322222222222222222222 .
000000000000000000000000 .
* * * * * * *+**+******+*+ +**+
EEEEEEEEEEEEEEEEEEEEEEEE
272536789003589054462340 .
960035526297512921097030 .
791052333453649169951135 .
901361335634331866323673 .
306293302743223345689136 .

221186432111111111111222 .
322222222222222222222222 .
000000000000000000000000 .
+ * * * * * **+* * *** ++ + + * * +***
EEEEEEEEEEEEEEEEEEEEEEEE
(839778303603723S336O396
3704309931664575S219S379
991443066399353500572554 .
41148253363;330839152142 .
086970521000012214679136
175322111111111111111222 .

.
222222111111222222222222
000000300000000000000000+ * + * * * **+++**+*++* * + **+* .
EEEEEEEEEEEEEEEEEE!EEEEE .
973827045047760792294714 .
1647545766399205S5753146 .
7201633034532340t0733212 .
676424374653256546530032 .
080520498926001234579136
422111988899111111111222 .

.
222111111111222222222222 .
000000000000000000000000 .

_. + * + * * * *++ + * + * * ++ + + * * ** **
EEEEEEEEEEEEEEEEEE1EEEEE

12739556277317372 .570399643993403794735451471316t .
763211094645430570867362 .
297361010134075335729932 .
041872002594001234578036 .

.
211988888889111111111222 .

.

.
_

432109376543210987654321 .
222221111111111 .

_

-

_

_
-



-__ _ - _ _ - _ _ _ _ _ . _. ._ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ - _ _ _ _ _ _ _ _

212

Distribution for NUREC/CR-4348 Vol. II (ANL-85-42 Vol. II)

,

Internal:

C. E. Till R. C. Schmitt ANL Patent Dept.
R . S . Ze no W. T. Sha (5) ANL Contract File
F. F. Chen V . L. Shah (231) ANL Libraries-(2)
H. M. Domanus S. K. Zussman TIS Files (3)-
G. K. Leaf

'

External:
,

USNRC, Washington, for distribution per R7 (250)1

DOE-TIC (2)
Manager, Chicago Operations Office, DOE
Components Technology Division Review Committee:

P. Alexander, Flopetrol Johnston Schlumberger, Houston, Texas 77236
D. J. Anthony, General Electric Company, San Jose, California 95125

.

A. A. Bishop, U. Pittsburgh, 1249 Benedum Hall, Pittsburgh, Pa.15261
B. A. Boley, Northwestern University, Evanston, Illinois 60201
R. N. Christensen, Ohio State University, Columbus, Ohio 43210
R. Cohen, Purdue University, West Lafayette, Indiana 47907
R. E. Scholl, URS, 150 Fourth Street, San Francisco, California 94103
J. Weisman, U. of Cincinnati, Cincinnati, Ohio 45221

.

.

I
i

4

. . - . - - - . . -- _ - . . . - _ _ . -_ . . - . _ . . - . . - _ _ _ . _ _ _ _ . _ _ _ - _ _



I
i

|

|
1

|
|

|
l

l*

maceoan nt u s =vctsaa answta,oa, comess,o* '=aN='***+= 4=,w 'W *. w

E,"[E7 BIBLIOG PHIC DATA SHEET Nt' REC / G4 348, 1. 1[
ANL-85-42, V . IIi.e meaver.o o r-e . .....

, ,, , a . a sus , , a > a..e er ~.

00MMIX-1B: A THREE-DIMENS NAL TRANSIENT SINGLE-PHASE
COMPUTER PROGRAM FOR THERMA HYDRAULIC ANALYSIS OF SINGLE . .f .~. . w .a . . a
AND MULTI (X)MPONENT SYSTEMS, L. II: USER'S MANUAL w-f

Sepfmher|
. .a

1985..,,,o,3,

Analytical Thermal Hydraulic R earch Program f .o......o... .a

Umber | 14N

- - - * -
T;;;;;T:nz:rix:::::;r- -
9700 South Cass Avenue *va =a .*, =we e .

Argonne, Illinois 60439 A2045

" * " ' ' " * * * ~ ~ '' WntY!hment*'Rb re'R'cW 5H teW'Br ancti* '*"'
Division of Accident Evaluation Technical
Office of Nuclear Regulatory Research

, , , , , , , , ,_

U. S. Nuclear Regulatory G3mmission
Washington, D.C. 20555 1/1/83 - 9/31/85
, , ,-a . .. . w e . .

, s ..s , ..o a , ,

The COMMIX-1B computer program, an exte 4ed versf or of COMMIX-I A, is designed to analyze
steady state / transient, single phase, ree-dimensio I fluid flow with heat transfer in
reactor components and multicomponen systems. The neepts of volume porosity, direc-
tional surf ace permeability, distri ted resistance, a distributed heat source or sink
is used to model a flow domain Ith stationary str tures. The new porous-medium
formulation permits simulation of either a single compo nt or a multicomponent system.
The conservation equations of m. s, momentum, and energy ased on the new porous-medium
formulation are solved as a bot ary-value problem in spac and an initial-value problem
in time.

Volume I of this report, e itled " Equations and Numerics, describes in detail, the
basic equations. formulat ns, solution procedures, rebala ing scheme for faster
convergence, models to d cribe the auxiliary phenomena, et Volume II, entitled
" Users Manual," describes in detail, flow chart, available optit s. Input instructions,
sample problems, etc.
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