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... 1.0 INTRODUCTION

This report describes the FORCE2 flow program input, output, and the

graphical post-processor• The manual describes the steps for creating the

model, executing the programs and processing the results into graphical form.

The FORCE2 post-processor was developed as an interactive program

written in FORTRAN-77. It uses the Graphical Kernel System (GKS) graphics

,., standard recently adopted by International Organization for Standardization,

ISO, and American National Standards Institute, ANSI, and, therefore, can be

used with many terminals. The post-processor was written with Calcomp

subroutine calls and is compatible with Tektronix terminals and Calcomp and

Nicolet pen plotters.

. B&_/has been developing the FORCE2 code as a general-purpose tool for

flow analysis of BbW equipment. The version of FORCE2 described in this

manual was developed under the sponsorship of ASEA-Babcock as part of their

participation in the Joint R&D venture, "Erosion of FBC Heat Transfer Tube_,"

and is applicable to the analyses of bubbling fluid beds• This manual is the

.... principal documentation for program usage and is segmented into several

..- sections to facilitate usage• In Section 2.0 the program is described,

W_ including assumptions, capabilities, limitations and uses, program status and

location, related programs and program hardware and software requirements.

I_ Section 3•0 is a quick user's reference guide for preparing input, executing

FORCE2, and using the post-processor• Section 4.0 is a detailed description

"_ of the FORCE2 input In Section 5 O, FORCE2 output is summarized Sectioni • • •

_'_ 6.0 contains a sample application, and Section 7.0 is a detailed reference

_, guide.

_ iI

L_
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2.0 PROGRAM DESCRIPTION

FORCE2 (Flow in ORthogonal Coordinates Eulerlan, 2-Phase) is a

multidimensional flow code that considers flow of two continuous phases

described in an Eulerlan reference frame. For the version described in this

manual, one of the phases is solid particles.

" 2.1 PROGRAM APPLICATION

Assumptions

o Two- or three-dlmenslonal Cartesian coordinate systems

o Two continuous phases described by an Eulerian formulatlon! one of

the phases is solid particles

_ o Compressible Navler-Stokes equation for the transient model

o Incompressible Navier-Stokes equation for the steady-state model

o Macrocontrol volume formulation with scalar nodes centered in the

control volumes

_. o Laminar flow

o Upwind finite differencing used to discretize the convection terms
.? ......

and central differencing for the diffusion terms in the transient

formulatlon

_: o Hybrid upvind finite differencing used to discretlze the convection

- and diffusion terms in the steady formulation

Capabllities

o Transient or steady-state simulation
._

' 2-1
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o Two- or three-dimenslonal parabolic or elliptical flows

o Distributed resistance modeling to simulate obstructions such as

porous plates and tube bundles in the flow field

o General geometry specification using either complete blockage of

control volumes (cells) or blockage of control volume surfaces _

o Flow areas and volumes modified with surface permeabilltles and _

volume porosities to account for obstructions in the flow field _

o The implicit multifield solution method (Rivard, 1977) for transient _,

simulations
i!

o A modified SIMPLER solution algorithm (Patankar 1980, Schnipke 1986)
f_

for the steady simulation. ,:

o Simultaneous solution of the pressure field with the modified SIMPLER _'

algorithm .._

Limitations _.,
_,, __ ,, _ --

o Incompressible flow for the steady simulation

o Newtonian fluids '"

o Two phases, one of which is solid particles !:_

o Forced convection or dlffuslon-domlnated flows. The solution method

favors pressure-driven flows in contrast to buoyancy-driven flows. _::

2.2 STATUS _

FORCE2 can be used to simulate a wide range of fluid beds, from ,.,

laboratory to plant scale Limited (due to budgetary constraints) validation _".

of the program with data collected on laboratory-slze beds has been performed.

{,
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_ 2 •3 HARDWARE/SOFTWARE REQUIREMENTS

• FORCE2 can be run in its present form on any WAX-If series virtual

storage super-mlnlcomputer or Sun 4 workstation without any modification of

the source code. FORCE2 has been developed on the ARC VAX-11/785 and Sun 4

using standard FORTRAN 77. It should port to other systems without

modl flcatlon

__ A feature of FORCE2 which aids program portability is the use of

:_ secondary storage and adjustable internal storage buffers. Currently, the

internal buffers, which are one-dimensional arrays, are very large making use

of the more efficient virtual memory. In this case, large arrays permit

" FORCE2 to be used for most 3-D problems without any FORCE2 secondary storage

(disk) Input-output (I/O) transfers. The I/O is handled by the architecture

_. of the VAX virtual memory. On mainframe computers without virtual memory, the

FORCE2 internal arrays can be reduced to fit within the available memory. The

: secondary storage I/O is then processed by FORCE2 for large 3-D problems•

• To run the post-processor, a license for the GKS graphics package must

be purchased. Since GKS has been adopted by ANSI as a graphics standard, it

=_ can be purchased from many different vendors.

,- The post-processor is written with familiar Calcomp subroutine calls and
I

is compatible with Calcomp and Nicolet pen plotters. For previewing plots on

Tektronix terminals, a PLOT 10 emulator is used. The emulator is a library of

Cal_omp subroutines which are linked with the post-processor. The emulator

converts the Calcomp calls into graphics commands which can be interpreted by

_ a Tektronix terminal. The post-processor conforms to the ANSI FORTRAN 77

-_ standard and can, therefore, be readily ported to a variety of computer

systems.

iji •

r_

2-3



3.0 USING THE PROGRAM

3.1 OVERVIEW

Key steps In developing predictions with FORCE2 are illustrated in

Figure 3-1. A FORCE2 data file, describing the problem geometry and operating

conditions, is prepared and input to the program. FORCE2 then computes the

- flow field solution. During the solution, several output files are developed

that describe intermediate results and that can be used to continue the

solution. These files include i) a restart file that can be used to continue

the simulation, ii) post-processor files that are used with the post-processor

to graphically display FORCE2 predictions, and tii) printer output. During a

: simulation, many of these files may be developed (for example, at various

times during a transient solution) depending on the input specification.

During the simulation, the post-processor may be used to graphically display

the predicted flow field. For example, contours of void fraction, velocities,

_ and pressures can be displayed for all or Just a part of the fiow field. The

post-processor reads files that are written by FORCE2 and converts the flow

field predictions into graphical output.
-,

3.2 INPUT PREPARATION

The FORCE2 input file contains a description of the problem geometry,

., material properties, operating conditions, and solution options. The input is

free form, uses keywords to identify data values and is organized into

sections, denoted paragraphs, to facilitate input preparation. The input is

described in detall in Section 4.0. This section should be followed in

" developing an input data set.

.. 3.2.1 Error Messages

.:; Error messages are displayed when the input data file contains

inconsistent or unrecognizable data. The error message is displayed along

:i with the listing of the input data (FORCE2 printer output on logical Unit #6)

_" and will appear below the erroneous input data. The severity of the error is

_' indicated by the error level and results in the following"
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Error Level Action _-

1 None. A warning message only. _

2 None. A noncritical error; execution continues, i lI

3 Corrective action taken. A critical error; may

not produce a usable run. But corrective action

has been taken and execution continues.
,._
t..

4 Execution stops. A fatal error; run cannot

continue. :

It is recommended that all errors be corrected before performing

extensive analyses.

3.3 EXECUTING FORCE2 _

3.3.1 Running FORCE2

A number of files are read or created by FORCE2 during a run. Because
L

an analysis may consist of sany runs and will make use of files that are _.

created at the end of each run, the user should understand the FORCE2 I/O file

structure. In particular, to efficiently use the program and to avoid I/O _

errors, the user should keep track of all the files created during the

analysis. _

Files that are used or created by FORCE2 include" _*

o Input data file _.i

o Input restart file _

o Output restart file

o FORCE2 output listing ;

o Runtime file

o FORCE2 log file _

o Post-processor files

o Hydrodynamic data file for use with the ANL erosion model ,.
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The input data file, described in detail in Section 4.0, is the primary

input file for FORCE2. It defines the problem geometry, operating conditions,

and program operation. It is an ASCII file.

The restart files are used to continue a FORCE2 solution that was

Intentlonally stopped to review progress. The results can be output via the

post-processor before continuing. The FORCE2 program is restarted using the

-. input restart file. The output restart file stores the data at the end of a

FORCE2 run and becomes the input restart file for continuing _he FORCE2 run.

The restart file is a binary file.

The FORCE2 output listing (output for printing) contains the node-by-

_" node tabular printout of the results. It is highly detailed output and may be

excessively large unless the user limits the output wlth FORCE2 commands. The

output listing is an ASCII file.

The runtime file is an ASCII file that can be used to stop the program
,_,

before the time or iteration number specified in the input file. This file is

described in detail in Section 4.0.

: The log file, an ASCII file, can be used to monitor the solution,

- particularly during a transient simulation. The frequency at which the log

_ file is written is controlled by a parameter on the runtime file. The log

file is described in detail in Section 5.0

,,

Two binary files are written for the post-processor. They contain

predicted hydrodynamic operating conditions and are written periodically

-- during a transient or steady simulation. The frequency at which data is

r_ written to these files is controlled by input (in the FORCE2 input data file)

.... to the program. One of the post-processor files contains operating conditions

(velocities, voids, etc.) throughout the flow field at the selected times,

i _ tlmesteps, or iterations. The other contains specific operating conditions at

various places in the flow field at prescribed times or tlmesteps. The

!i! conditions and locations are defined in the FORCE2 input data file. This

_ latter file is written only during a transient run of the program.

L_
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Hydrodynamic data (velocities, voids, pressures, etc.) is also

periodically written to a file for subsequent use with the ANL erosion code

(EROSION). The frequency of the written output is controlled through input.
This data is stored as a binary file.

Typical command procedures for executing FORCE2 on a Sun workstation and _!

a VAX computer are given in Appendix A. These procedures make the required

file assignments and can be adopted for the user's system.

3.3.2 Restarts i!_

Restart input data files generally have a limited number of input i

paragraphs compared to the initial input data file. Typically, a RESTART

statement, a flow paragraph, and a control paragraph are required. The FLOW _-

paragraph is used to change the solution method. The CONTROL paragraph _L

contains the number of iterations (steady mode) or tlmesteps (transient mode),

the under-relaxatlon parameters, and print control statements.

The number of iterations (steady mode) or timesteps (transient mode) is ?
i

problem dependent. The solution is commonly developed by using the restart "_:

feature. Typical steps in developing a solution includez _
!,

Step lz Make Inltlal run and save output restart file.

_,_,

Step 2z Modify input data for restart run (i.e., specify RESTART SAVE

in restart paragraph). _

Step 3z Rename output restart file as input restart file. ;:.,

Step 4z Specify number of iterations or timesteps to be performed in
_r

next run.

Step 5: Run FORCE2 and save the newly-created output restart file. _

Revi,_.wpredictions with post-processor or examine FORCE2 output

listing to determine if the analysis has been completed. .-
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S te,P 6: Repeat steps 3, 4, and 5 until the desired solution has been
achieved.

: 3.3.3 Guidelines
,. ,,,,., ,

-)

': The guidelines for using FORCE2 the first time are as followsz

o Review the sample problem outlined in Section 6.0

o Acquire detailed geometrical and flow data (initial and boundary

.: conditions) for the particular application

. o Perform any geometrical or boundary condition calculations for the

problem

o Develop the FORCE2 input data file

i o Run one iteration (steady mode) or one timestep (transient mode) with

FORCE2, make a restart file and check the output

o Perform as many successive restarts as necessary to achieve a

! solution, as defined below

o Inltlallze the pressure field based on minimum fluidlzatlon (an

option in the INITIALIZATION paragraph). The gas and solids velocity

fields should be initialized to approximately satisfy continuity."!

One-dlmenslonal velocity f_elds are adequate. This approach appears

to give reasonable starting conditions.

'_ If performing a steady simulation, the recommended guidelines are also_

o Examine the flow field, temperature, etc., after each restart to

insure that the solution is converging

o Monitor residuals of the conservation e_uatlons. Convergence is

'_ obtained after the residuals have decrea.,_edby 2 or 3 orders of

- magni rude
_'_
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o Adjust under-relaxation parameters (Appendix A) to control i

convergence. The under-relaxation values are somewhat problem

dependent, and'experience will help in choosing the values. Use the

defaults as a starting point. If the residuals are decreasing

monotonically, leave the under-relaxation parameters alone.

o Use the post-processor to observe changes in the flow field as the _:_

problem converges. Solutions that reach reasonably low residuals and _

are not changing appreciably can be stopped. Reducing the residuals

to values co_lparable with machine roundoff is unnecessary and wastes

computer time.

If performinga transientsimulation, the recommendedguldelines are "_-

also_ ""

o Monitor the mass residual and solution convergence. The log file

lists the maximum mass residual along with the number of non-

converged nodes if they exist. Experience indicates that reasonable

solutions can be achieved, although the mass residuals at a few nodes

may exceed the convergence criteria at a few ttmesteps. If the _"

solution does not converge over several successive timesteps, it will -:-..

probably diverge. This situation can usually be corrected by

rerunning the simulation with a tighter solution tolerance or by ...

reducing problem tlmestep. Experience indicates that the first .

symptom of a diverging solution is a predicted void fraction that is
r*

greater than 1.0 (a physically unrealistic value). If this occurs,

execution stops and warning messages are written to the log file and

FORCE2 output listIng. _

o Apply fluidlzlng boundary conditions in steps. To develop reliable

transienthydrodynamic conditions,experience indicates that the gas

in-flowboundary condition should be applied in steps a follows:

Y

i) Run 0.O - 1.0 second at the minimum fluldizing condition

ii) Run I.O - 1.5 seconds with the gas in-flow increasing to its .-

final operating value _,

3-6
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• - ill) Run 1.5 - 2.0 seconds with gas in-flow at flnal operating value

- iv) Beyond 2.0 seconds, hydrodynamics are "fully developed" and not

: influenced by the initial conditions

"I

ii It should be noted that these are Just "rules of thumb". The analyst

should note that, in most simulations, the predicted hydrodynamics at the

early times vii1 be influenced by initial conditions.

-" 3.4 POST-PROCESSOR

3.4.1 Overview
_,, II,L± .

The post-processlng program is a Fortran program that creates graphical

.... output for a variety of devices (graphics termlnals, plottlng devices, etc.)

•_ using files written by FORCE2. The output device is selected when the

:.,,:_ processor is run.

... Basic plots that can be generated using the post-processor arez

o Geometry including control volumes

_ o Contour plots

_- ' o Profile plots

o Velocity vector plots

o Streamlines in 2-D applications

o Variable vs time plots in transient applications.

PROGRAMCONVENTIONS

7_

_:_' used by the post-processor arez

z Following the colon a user response is expected

( ) Suggested or possible user responses are shown inside the

parentheses

[ ] Default responses are shown in brackets and are normally shown with

the prompt. The default is chosen by pressing the <RETURN> key
(abbreviated as <CR> for carriage return).
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At any time during the input phase the user can interrupt the _,

program, cancelling the previous input by hitting a <Ctrl> Z

(holdlng the Control key while pressing the Z key). Usually the

user interrupt function returns you to the main plot selection

menu.

....... t_
3.4.2 Running the Post-Processor

The method of running the post-processor will depend on user preferences

and computer system. The approach described here is used by B&W to run on a

Sun 4/260 super-workstatlon. It is not the only way of executing the program.

However, it is recommended that the BbV approach be adopted and modified for '_"

the user's particular computer system.

The post-processor is best run using an interactive command procedure, i

The procedure sets up the files to be read and/or written by the processor and .

then runs the post-processor program. The command procedure (shell script)

listed in Table A-4 of Appendix A is used by B&V.

Graphlcal output that is used to make hardcopy plots can be developed in

one of the following wayne " ....

Interactive Sequence _._.

The post-processor is used to Jnteractively display problem geometry,
f..

FORCE2 predictions, etc., on a graphics terminal. In this mode, an

interactive graphics terminal (such as a Tektronix 4014) is selected as

the GKS device in the GKS menu. Each time the post-processor is run in

this interactive mode, a session file is created that contains a list of ,-

all user entries. After the user has displayed the desired plots at his

terminal, the appropriate GKS plotting device and output file name are _.
added to the associated session file. This modified session file is i

then used to run the post-processor. This final step generates a

graphics file that can produce hardcopy plots on the chosen GKS device.
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"_ Non_interactive Sequence

The post-processor is run from a non-graphics terminal. In this

j mode, a plotting device is selected in the GKSmenu. The post-processor

creates a graphic file that rill produce hardcopy plots on the _hosen

device. The only difference betveen this mode and the Interactive

Sequence, described above, is that the plots are not displayed on the

terminal (the post-processor output device is a plotter).

- 3.6.3 Input Phase

The program uses data files for unit conversion, boundaries of the

geometry, and FORCE2predictions. The program saves the userts input in a

session file for later use. With B&Ves approach, the command procedure

4 establishes default file names for the post-processor and then runs the

.... processor. This initial step is not absolutely necessary because the post-

processor also prompts the user for the FORCE2file names.

(_S_
,._ fr i,,,

As noted earlier, the post-processor is a Fortran program that creates

graphical output for a variety of devices using files vritten by FORCE2.

-" The type of device is listed in the GKS menu. The request, vtth

,_ available options, is shorn belov.
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........I]KS DEVICE ,_ELEL,TI3N .....
<EnteP::. User defined worksta_,ion

2501 4014 TEKTRONIX TePminal _._
8100 4107 TEKTRONIX Terminal
[08.)(3t_GM Metafile. Clear Text

1108 HP 7475 plotter (size A) '
1825 HPLaserJet, Portrait (1.5(3 dpll *
,.,_,HPLaserJet, Landscape (1.50 dpl)

1900 PostScript,, Portrait, (8.5x[I.0) !-
1901 PostScrlpt, Landscape (8.5x[1.0)
5300 '",_untools device, gre.v

Enter device type" ._

The post-processor has been optimized to work with the 4014 terminal

(2501) and the postscript, landscape printer (1901). Other devices may

function but do not necessarily present the graphical output accurately, A

list of additional user-defined, devices supported by the post-processor can *

be found in the Grafpak's GKS drivers S documentation. _"

Non-interactive output is normally written to a file and then printed ..

after the post-processor session is complete. The ftlename ts requested after

a non-interactive device type is entered. If the ftlename does not have an

extension, then an extension is provided by the post-processor. The

extensions provided are dependent upon the device type and are listed below.

zxt___= Ext. zxt.

10300 cgm 1325 hpO 1900 psO

1103 hp6 1328 hpl 1901 psi

UNITS CONVERSION .,
i
i.a

requests the name of a file containing the list of variable names and .,

units conversion coefficients. ..
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Bnter name of unit conversion file [CONVUI_T.DAT]s

_: Xf a file vith the name CONVUNIT.DATexists, depress the <RETURN>

. key. Aside from the FORCE2variable names in the file CONVUNIT.DAT,
tvo other names are defineds

GEOM- geometry units used to define Xl, X2, X3 locations*

_ STRH- stream line

The user must respond to the commands

Update unit conversion data (T or N) [N]?t

This command rill change the units conversion coefficients, the unit

name or may add a new unit name to the conversion file. Thls may be

done vhile running the post processor.

., SBSSION FII_

A session file is created each time the user interactively runs the

post-processor and contains a list of all user entries. This file

' can be used to rerun a previously-defined set of plots by assigning

it the logical name PP_SESSION and rerunning the post-processor. It

should be_noted that if a session file_.,,e.xist s vith the name.-

,_ PP_ SESSIONr the post-processor vil! use it. To develop hard copies

of the plots, the session file is modified by t) changing the GKS

output device (from a graphics terminal to a hardcopy plotting

device) on the first line of the file and ii) adding the output file

name after the GKS device selection. Session files that vere

" developed during interactive operation of the post-processor (GKS

output devi_e 2501, a 4014 Tektronix terminal) and subsequently

*_hen this prompt is answered yes vith a Y, the user is prompted for the

required information.
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modified to produce a file for printing on the postscript, landscape !t

printer (GKS output device 1901, PostScript, Landscape) are shown

below. The post-processor was run with the modified session file to

create the postscript file, p33x14.psl.

INITIAL SESSION FILE MODIFIED ,.,...,-,"_°SIONFILE

2501 1901
pa3x14

paaxt4. p_f a_,
Standard Probl_._m p88x14, ppf

p3Sxi4 ppt _tandar4 _'Pob].em _ !
p,.9,SX14. ppt _;

Plot, Ti_l_ _i
Plot Title #2 Plot, Title I$I ;,i

g Plot, Tltl.s _2 _-
g

I

rS

r'_ _,_,

b

I,ORCR2POST-PROCSSSORFILES _"
_;.

Two files containing the hydrodynamic predictions for the post- _
!,

processor are written by FORCE2 (written to Fortran units 69 and 70, _.

see Table 4-1). Up to three sets of files can be accessed by the

program simultaneously. The program prompts the user for the name of _
the file containing the field variables.

Bnter ftlenaae of FORCE2 data [PPF]: E

_:

The program also prompts the user for the title for the data file and _;

prints it on the graphics output.
ce"
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Enter data flle identification (16 chars.)z

The program also prompts the user for the name of the file containing

_; the time data (variable Vs time).

ii Enter FORCE2 time data ftlenale [<Enter) - none]l

if a time data file has not been created, enter a carriage return and

:_ execution will continue.

BOUNDARYDATA

The boundaries and other key features of the geometry can be defined

in a geometry data file. It contains the selected views and should

be named or assigned the logical name, PP BOL_D1. Development of

"_ this flle is de,_crlbed In Section 7.3.3.

4

i_ LOGOAND TITLES

Each plot contains a 2-line title and a logo placed in the lower

. right corner (three lines of text consisting of the analysis name,

'? company or division name and current date). The user is prompted to

enter the company name (25 characters maximum) and the two title

._ lines as followsz

_ Enter Division Name [BABCOCK& WILCOX] z

Enter plot title |1 (40 chars) z

#2 (40chars)s
._

3.4.4 Main Menu

i_ The main plotting menu allows selection of the field data to be plotted

and the desired plot type.
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Main Plotting Menu __

E End (Terminate) Program }.

P Profiles

N New Data Set _,.

G Geosetry

C Contours

V Velocity Vectors

T Variable vs Time

S Streamlines

U Update Units

Enter Selectton_ _
/.

The streamline option viii appear only for 2-D problems.

3.4.4.1 General Input. The view, case, range and scale selections for
_,

plots are discussed first. A description for each plot type (profile, "

geometry, contours, etc.) listed in the main plotting menu follows.

YI;EW c

applies to all but axtsymmetrtc plots. The user must select the view _

containing the information to be plotted. A view is defined by its

axis labels (i.e., Xl-X2) as shown below, r

Select view ++'+
t'

1. View of X2-X3 Plane _-

2. View of XI-X3 Plane , _._

3. View of X1-X2 Plane _.

Enter selection [3]
_.

CASE

selects one or more field variable data files to plot. This menu is

only displayed when more than one restart file is read. !_
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Restart Cases

I. CASE I

2. CASE 2

_ Enter Selections (1, 2) [1, 2] =

_ The range input specifies the plane normal to the vlew direction and

,4 the range of data. For each restart case that is entered, the user

chooses the plane number as shown below.

View of X1-X2 Plane

•+:: Select Plane Locations on ][3 Axis (20 max)JJ

X3 Axis Nodes 5, Length 0.00 to 0.10

i Enter Node Nunber(s) :

The user is also prompted for the range of data that applies to each

_ of the axes in the selected view.
Q

+ Enter grid (node) range

Select node range for Xl AXIS (I, -12) [ 1,-12 ] z

-6) [ 1 -6],,+ Select node range for X2 AXIS (1, ,

_ SCALE

L_

is required for all plots except profile plots. The program will

,._; prompt the user as follows:

_ Geometry data for Xl AXIS and X2 AXIS

Nodes = 12 6

Length (sin) = 0.00 0.00:_ (max) = 1.00 0.10

Default scale - 8.75 62.50

+++ Enter Scale Factor (inches of paper/unit of length)
Xl AXIS [ 8.75]=

_ X2 AXIS [ 62.50]:
+.

t ¸_ "

; +:+:
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The actual size of the plot depends on the scale factors and geometry

entered. Default values are for a plot on an 8-112 x 11 paper or on --

the graphics screen.

3.4.4.2 Profiles. Profiles are selected with the response, P, and i_

permit creation of x-y plots for selected FORCE2 results. An example profile

plot is shown in Figure 7-7. The optlohs for profile plots are selected from _

the options menu below. Plot legends and/or symbols can be eliminated. One

or more curves can be drawn on a plot. Additional curves on a plot can ?'"

represent different variables, cases, planes, or elevations, 1 and multiple _-

plots can be made. _.

The last option creates a file containing profile plot data.

Profile plot options _

1. Plot legend [YES ] :_

2. Plot symbols [YES ] _,-

3. Multiple plots [NONE ] .:,.

4, User size [NO ] _i.

5, File output [NO ]

Enter option or _ to end z

ABSCISSA SELECTIONS ;_

L.

enable the user to choose the abscissa, x, for the selected view.

Enter Abscissa for X axis

I. Xl AXIS

2. X2 AXIS

Select Axis [1] • _,

The abscissa is selected prior to the grid (node) range solution.

The grid (node) range selection defines: . _i

, ,.... _ ?

INote: In the selected view, elevation indicates entries of the node location

along the ordinate axis. _
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1) the range of the abscissa and 2) the location(s) along the
'1

ordinate for which dependent variables will be plotted.

_' Enter grid (node) range

Select node range for Xl AXIS (I, -12) [ i, -12]

! Select node range for X2 AXIS (I, -6) [ I, -6]

',i PROFILE VARIABLE SELECTION

names the dependent variable data to be plotted. A list of the

:'_ variable names can be displayed by typing a <RETURN>. Variable name

, entries must be in capital letters.

Enter Data Names, (I0 Max) <CR> for llst :

PROFILE PLOT LEGEND

: allows the user to determine if the profile legend is to be displayed

:: on the plot.

PROFILE PLOT SYMBOLS

can be turned-on or -off with this option.

i..., MULTIPLE PROFILE PLOTS

_ are created from the multiple plot menu shown below.

_._

! Multiple Plot Menu

1. Case

F_ 2. Plane

3. Elevation

4. Variable

i_ 5. None

Enter option [3] :
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_J
The profile option produces a slngle plot containing a line for each

case, plane, elevatlon and variable selected. Multiple plots can be

made for each entry of the selected item: case, plane, elevation or ,,.

variable. For example, if multiple data names are entered and option _

4 is selected, separate plots viii be created for each variable i_

inputs the same X and Y scale range is used for all plots.

PROFILE SIZE SELECTION _

.,

permits control of the length of the X and Y axis, and the Y axis _

range and title. When option 4 ,USER SIZE, is selected, the user is ,_.

asked to enter the lengths, ranges and a title as shown below.

User input axis specifications

Enter X-Axis Length [ 7,50] :

Enter Y-Axis Length [ 5.00] : _

hter Y-Axis Minimum [ O.O00E+O0] :

hter Y-Axis Maximum [ 1.09 ] : ..

Enter Y-Axis Tt tie [HETERS/SEC]: _

.-?,

Default values have been set for a plot on 8-1/2 x 11 paper or the _ r

graphics screen.

PROFILE DATA PILE OUTPUT writes a data file containing the values :

used to create the profile data. Section 7.3.2 describes a unit

assignment that is required to obtain profile plots. _,

Once post-processing of the profile information is complete, the

profile plot is displayed on the terminal or written to the ZETA plot

file. Entering a <RETURN> vlll display the main menu. _,'_

3.4.4.3 Geometr_. Geometry is selected vlth the response, G, and i_
produces a plot of the modeled geometry created by the FORCE2 program. An i/

example geometry plot is illustrated in Figure 7-9. Control volumes, blocked

ceils and faces and the geometric boundary are plotted. The geometry options _

menu alloys the user to determine the appearance of the plot.

_._
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"_ Geometry options

:_ 1. Boundary [YES]

:_ 2. Axis Labels [YES]

3. Plot Labels [YES]

4. Grid lines [YES]

5. Node centers [YES]
,J

5. Blocked cells [NO ]

" 7. Blocked faces [NO ]

8. Invert X axis [NO ]

, Enter option or _BTIJR_ to end z

-f

BOUNDARY

controls plotting the geometric boundary. The file containing the

boundary description was created by the pre-processor and is read by

the post-processor. The file contains boundaries for only one view.

AXIS LABELS
..

T

permits plotting the axis labels.

PLOT LABELS

deEines the title text on the plot.

GRID LINES

controls plotting the grid lines on the plot.

NODE CENTER

permits plotting the node center markers vith a plus sign at the

center of each control volume.
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I

B_ CEILS _J

controls the marking of blocked cells and other unused control ,,._

volumes defined in FORCE.

BLOCKEDFACES
r'7
fl:!

defines the marking of the individual control volume faces which are

defined as blocked in the FORCEprogram.
i

INV_T AXIS

specifies the view direction of the plot. A normal view of an X-Y

plot displays the data viewed along the Z axis toward increasing Z ,.

values. A reverse vlew of the same plot displays the data viewed

toward decreasing Z values, r,i

Once the the geometry information has been chosen the geometry plot ,-

is displayed on the terminal or written to the ZETA plot file.

Depressing the <RETURN> rill display the main menu.

3_4.4.4 Cont0u _ Plots. Contours are selected with the response, C, and

produce a contour plot of the named data calculated by FORCE2 (see Figure .r

7-11). User input consists of selecting the variable(s) to plot, the _

appearance of the plot and the contour line spacing. ....

Contour options

I. Boundary [YES] :

2. Axis labels [YgS]

3. Plot labels [YES]

4. Contour labels [NO ] '_-

5. Contour lines : _.

Straight or Curved [STR]

6. Contour spacing :

Value or Number [VAL] _,

7. Invert X axis [NO ]

Enter option or _TURIO to end : _'

3-20



BOUk'DARY

controls plotting the geometric boundary. The file Qontainins the

* boundary description was created by the pre-processor and is read by

the post-processor. The file contains boundaries for only one view.

/

"; AXIS LABgLS

_. permits plotting the axis labels.

PLOTLABBLS

defines the title text on the plot.

CO_OUa _BLS

_ controls markers that are plotted to identify selected contours.

When contours markers are selected, a YES response, additional data

is required to define how these markers will be placed on the graph.

.... AXIS If the response for CONTOURLABELS is Yes, the user must

7 identify the direction to mark the contours. For exauple, if the

- default is chosen

•. Enter Axis for Contour NarkinK

1. Xl AXIS

2. X2 AXIS

- Select Axis [1] t

-- then markers viii be placed on contour lines crossing the node

... centerline parallel to the Xl axis.

RAHGg _Then the response for CONTOURLABELSis Yes, the user is

: prompted for the range of node centerlines parallel to the selected

axis. For example:
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Rnter grid (node) range for contour markers

8elect node range for XIAXIS (1, -34) [ 1, -341s .

places markers along each grid line from i to 34.

NUI4BBIt When the response for CONTOURLABELSis Yes, the user must

select the number of contour lines between marked contour lines. For

example the default .-

Sneer the number of lines betveen marked contour

lines [ 0]=

specifies that every contour line crossing the node centerline be

marked, zero lines skipped. _
e,

CONTOURLZNBS _

plots all contours vithin a control volume using values known at the

corners, lither straight lines or interpolation functions between

the faces of the control volume are used to plot curves. Experience

indicates that straight line segments usual!y produce better plots. "

CONTOURSPACING

specifies the method of selecting contour spacings a value for

contour spacing or the number of lines on the plot. The program also

prompts for the minimum and the maximum contour value to plot.

VALUE defines the contour spacing. Contours will correspond to

multiples of this value. :,

Contour Spacing

Contour data range - .4 to 1.0

Enter contour spacing [ .1] :

The contour data range displayed is the total range of contour

variable data for all cases and ranges specified.
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" I_JI_ER selects the number of contour lines on the plot.

- Bnter the nusber of lines per plot [ 10] s 6

_NIHUI/ VAXIMUN selects the allowable range of data over vhich

+ contour lines yell be plotted. For example,

+'_ IIInter ainlaux eontour value [ 4] a

+ hter xaxlaux eontour value [ 1,0] i .9

.. _WltT AXIS

specifies the viev direction of the plot. A normal viev of an X-Y
.J

plot displays the data veered along the Z axis tovard increasing Z

" values. A reverse vtev of the same plot displays the data vieved

-. tovard decreasing Z values.

VARXABLBDATA

prompts the user to enter the name of the variable data to be

plotted. A llst of the variable names is displayed by typing a

<I_TUI_>. If more than one varlable name is entered_ a separate

contour plot is created for each entry.

+ •

Rnter Data NaN (<CR) for list)t V1_G

+,

Note - The variable names must be in capltal letters.
..+.+

" Once the variable data has been chosen the contour plot yell be

"-- dlsplayed on the terminal or vrltten to the plot file. Entering a

,._ <I_TUI_> will display the main menu.
• i

+

3.4.4.5 Vector Plots. Vector plots are selected vith the response, V,

and produce a tvo-dimensional plot for the direction and magnitude of the

velocity or mass flux. The components of velocity or mass flux, stored at

faces, are interpolated to the node center. Figure 7-12 shows an example of a

-- vector plot.
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Vector options '._
1. Boundary [US]

2. Axis labels [US] .
3. Plot labels [US]

4. Vector label [US]
5. Vector t

Velocity or Mass Flux [VCT]

6. Xnvert X axis [NO] '

7. Gas or solids [GAS]

hter option or _JrrtJRN_ to ud t

BOUNDARY _

controls plotting the geometric boundary. The file containing the -_
boundary description vas created by the pro-processor and is read by

the post-processor. The file contains boundaries fo_ only one viev.

AXIS LABIL8

permits plotting the axis labels.

PLOTLAHI,S

defines the title text on the plot.

VBCTORIABBL _,
b°

controls plotting a unit vector, s one-inch line, dravn belov the :
plot label showing the scale factor used to plot the vectors.

VBCTOR- VBLOCXTYOR MASS FLUX c

alloys the selection of vhich vectors are plotted: velocity or mass
flux. _"

i
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- INVnT AXIS

- specifies the view direction of the plot. A normal view of an X-Y

_ plot dlsplays the data vleved along the Z axis toward increasing Z

values, k reverse view of the same plot displays the data viewed

! toward decreasing Z values,

" a_ On SOL_

. specifies the phase.

SCAIX FACTOR
,t_m

requests a factor to scale the vectors. The default scale factor is

for a 1/2-inch vector. The maximum vector length of any vector is

. also requested.

Vector Sca_e 7actor

Ihmximundata ranBe - 1.08B+O0 BTBSISBC

htsr scale footer (units/inch) [ 2.20 ] 8

Vactorlhncimun _th

_" later length (inches) [ 0.500] s

Once the vector scale factor has been chosen the vector plot is

displayed on the terminal or written to the plot file. Entering a

_RETU_) will display the main menu.

3,4,4.6 Varlab!e vsTime Plots. Plots of selected varlables versus

" time ere selected with the response T. The user selects the variable(s) to be

- plotted and inputs the appearance of the plot.

Hintmum and maximum times are entered after the promptst

Bnter MtnimunT!ae [ ] :

Bnter Maximum Time [ ] :
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• _Jw

"1

The default values are the minimum and maximum value in the time data _,

file.

.°

VARIABLBSBLSCTION

_,_

The variable(s) to be plotted are selected from the table of

variables that yes input to FORCB2in the CONTROLParagraph using the 7
STOREstatement (see Section 4.6.4.2 of the FORCE2input

description). This table is displayed as ..

Variable Description for [Title of Run]

1 Variable 01 Location
i

' 2 Variable 02 Location ....

3 Variable |3 Location "'

. _.,

lq Variable |N Location

bier Nuaber(s) for Variable (8 sax) ,
t..

The variables and their locations are displayed in the format that i-
they vere input to FORCE2. _.

The appearance of the plots is controlled by the Plot Options Henu.

Plot Options

1. Plot legend [Yes ] "

2. Plot syubols [Yes ] i

3. Multiple plots [NOES] _.

4. User size [NO ]

5. File output [NO ] , ;.
kter option or _ to end !

These options are identical to those for the Profile plots (Section

3.4.4.2) and produce the same effects.

_v
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"_ 3.4.4.7 Stream!!nes. streamlines are selected vlth the response, S,
and produce streamline plots of the gas or solids flow field calculated by

FORCE2. User input consists of selecting the phaset the appearance of the

plot, and the streamline spacing, the magnitude of the flow rate between

streamlines. The magnitude of the flow rate between streamlines i8 constant.

The streamline plot options are selected from the following menus

Streanline options

1. Boundary [13S ]

- 2. Axis labels [13S]

3. Plot labels [YRS]
4. Streanline lines-

Straight or Curved [STR]

5. Streaallne spaclng -

_ Value or Number [VAL]

• 6. Getsor solid flow [GAS]

-. hter option or OJtTURIO to end s

Pressing <RETURN>will exit the menu.

BOUM)ARY

- This option determines if the geometric boundary will appear on the

_ plot. A YES in the brackets is the default and indicates that

' boundary data will appear on the plot. A file containing the

boundary description is created by the user and is read by the post-

processor. When geometry ts not defined, then the default in

brackets will display [N/A] and the boundary option is not

.... applicable.

,_ AXIS LABBLS
't

This option determines if axis labels will appear on the plot. A YBS

-_ in the brackets is the default and indicates that axis labels viii

appear on the plot.
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PLOT IABELS

This option determines if the title text will appear on the plot. A

YES in the brackets is the default and indicates that plot labels

viii appear on the plot.

Selecting this option plots streamlines as contour lines of flow rate

within a control volume rectangle using values defined at the corners

of the rectangle. Bilinear interpolation is used to determine the
p..

path of a contour within this rectangle. The streamline plotting :

will either generate straight lines between the faces of this

rectangle or plot curves resulting from the interpolation functions. "

Experience indicates that straight-line segments usually produce k

better plots. r

Options are straight or curved lines. The default [STR] is straight

lines. :_,

" _ SPACING ,
_,..

L_

This option specifies the method of selecting streamline spacingz a F
value for streamline spacing or the number of lines on the plot. The _

program also prompts for the minimum and maximum streamline values to

plot. I

Value defines the streamline spacing. The magnitude of flow rate _._

between lines vilI be equal to value, starting from the minimum

streamline value. _

Streamline Spacing

Streamline data range - -3.&gE-08 to 9.69F,-01 _;

Enter streamline spacing [ 0.100 ] z

_.

The default value is approximately 10 streamlines per plot. The

streamline data range displayed is the total range of flow rate data
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_!:i for all cases and ranges specified. The default streamline spacing

is based on the minimum (DMIN) and maximum (DMAX) data for the

9 selected variable as follows:
._

Spacing- (DMAX -DMI N) / (Number- 1)

The default spacing is then rounded before being displayed.

Number selects the number of streamlines on the plot•

Enter the number of lines per plot [ 101 :

:_ The default is the last value entered or a value of 10.

2_"

GAS OR SOLID FLOW

:_ The phase for which streamlines wili be plotted is selected with thisi+_

option.

3 4.4 8 New Data Set A new set of field data is selected with this_.," • • •

option. The user enters the response, No During FORCE2 execution,

-: predictions can periodically be written to the field variable data file• The

frequency at which data is written is controlled by input to FORCE2. The data

set is selected by entering the desired problem time• For steady execution,
"'_

'-_ problem "time" is defined by dividing the steady iteration number by 1000.

'_

:._ The case number and run title are displayed by"

t_i.: Data for CASE • Case | --- Run Title

The user then enters the problem time at which new data is selected
_'_: according to"

Enter time of data to plot tl to t2 [t3] :

where tl the initial problem of the sets, the
is time all field data t2 final

time, and t3 the time of the current data set•
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3.4.4.,9 ,Update, Units. This option allows the user to modify the unit _

conversion file from the main plotting menu after the field data and time data r_.-'

flies have been read. The user enters the response, U, for this option.

Prompts rill then appear for modifying the unit conversion file.

F

E

F

w_
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' FORCE2 INPUT
: ' DATA FILE

.J , j

i:i

__
J_-'_.. i i i i
_..

•" ! I.a: ' FORCE2 OUTPUT
FILES

H • IllI

.C POST-PROCESSOR
is I

Figure 3-1. Key elements in developing FORCE2 predictions.
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' 4.0 FORCE2 INPUT DESCRIPTION
i

_ 4.1 OVERVIEW

_

Files that are read or written by FORCE2 are listed in Table 4-I. The

input file on Fortran Logical Unit 5 and the runttme file on Unit 11 are

required to execute the program. The required information in both files is

described in this section. FORCE2 input and output for a sample problem are

given in Section 6.0.

The FORCE2 input file on Fortran Unit 5 (Table 4-1) contains a

_ description of the problem geometry, material properties, operating conditions

and solution options. The input is designed to be easy to use and remember.

It is free form and uses KEYWORDSto identify data values instead of the usual

FORTRAN input consisting of fixed field formats. The input file is organized

in sections called PARAGRAPHS. Paragraphs which describe general features of

-_ the problem must always be supplied but paragraphs describing a particular

.:_ process are only required if that process is part of the problem. Default

values are also used extensively to reduce input.

i

4.1.1 Paragraphs

Each PARAGRAPH consists ofz

o a paragraph HEADING

o STATEMENTs specifying input for tlleparagraph-_

o a BLANK LINE indicating the end of the paragraph

Paragraphs must be arranged in a fixed order as shown in Table 4-2,

- which also identifies optional paragraphs.



"7

Table 4-1 "_

FORCE2 INPUT AND OUTPUT FILES

FORTRAN Logical Input/
Unit Output Fi!eType ..... Description ............. ,

1 I Binary Restart information, This is
the file written to Unit #2 at
the end of the previous run.

2 O Binary Restart information. This
file is vritten at the end of _,
a run.

5 I ASCII FORCE2 input file. It
contains description of ':
problem, operating conditionst
etc. _"

0:

6 0 ASCII FORCE2 output file for
printing. _.

11 I&O ASCII FORCE2 iteration control file. -
It contains parameters that
control the execution of the "
code. _.

20 O ASCII A log file that contains _
iteration information.

69 O Binary Graphical post-processor file
that contains all the field "
variables.

70 O Binary Graphical post-processor file
that contains the selected
field variable versus time
data.

71 O Binary Erosion post-processor file.
It includes velocity and void
fraction predictions that are
subsequently input to the ,_"
erosion model, EROSION. _
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Table 4-2

FORCE2 INPUT PARAGRAPHS

:_ Paragraph Heading Type Contents

1. (none) optional Restart control

2. GEOMETRY required Flow field geometry, finite difference grid

and print control for geometry

3. PROPERTIES required Gas phase, viscosity, density and reference

pressure

4. FLOW required Flow field solution eethod, flow devices,

gravity input

5. CONTROL required Number of iterations, relaxation paraeeters

and field variable print control

6. PERMEABILITIES optional Surface pereeabilities, volume porosities

7. INITIALIZATION required Initialize boundary and interior values for

- any field variable

8. FLOFLAGS required Wall boundary conditions°.
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4.1.2 Statements ._i
T ii l

The STATEMENTSvhich make up the body of a paragraph can usually appear ....

in any order. The exceptions are noted in the paragraph descriptions later in

this manual, a statement consists of a sequence of one or more BLEMgFfS.

Elements are separated by spaces, commas or tabs at the user's discretion. "

Bach element is either a KEY_0RDor NUMBER. The first element in a statement -

is alvays a keyvord.

M_

Example: _

CARTESIAN20,i0,5

This statement consists of four elements, namely: "

CARTESIAN keyword ._.

20 number

10 number

5 number

Key_ords must be upper case. Spaces, commas and tabs can be used _

interchangeably as element separators. Both of the following are equivalent -

to the previous example.

CARTESIAN,20,10,5

CARTESIAN, 20 10 5
_._

The following statement is an error because of improper separation of

elements. +.+

CARTESIAN 20,,I0,5

In the last case, the two successive commas are interpretedas an element with

an unspecified value (a null element).

Statements may be written on more than one line! however, elements must .

be complete on a single line. A comma must be used as the separator follovinE
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the last element on a line to indicate that the statement is incomplete and

continued on the next line. Line length is limited to 80 characters.

:,_ Exemplar

CARTESIAN,
20,10,5

A statement consists of all lines up to and including the first line vhtch

_ does not end in a comma.

.._ Spaces and tabs can be used to make the input more readable. Any number

of spaces or tabs can be used as a delimiter to space the elements of a

statement. Spaces or tabs can be used before the first element on a line for

indentation.

Comments are initiated by a dollar sign ($). If the $ is the first
_ character on a liner it must be in column 1. Otherviset it can appear

,_, anyvhere on a line. All text folloving the $ is treated as a coaaant.

4.1.3 Notation

The input statements used vtth FORCE2are described in the remaining

E sections of this appendix. The complete form of each statement is given usingthe folloving notation.

o UPPERCASE letters denote a KEYVORD. Keyvords can be abbreviated to
the first four characters.

[:
o LOVERCASE letters denote an element to be supplied by the USER as

described.

!_! o Brackets [] surrounding an item denote that the item is optional.

o A column list of elements, one above the other, indicates that one of

l the elements in the list is to be selected.



o A lower ease n used as a suffix for a K_YVORDindicates a eoordinate

direction! n . I, n = 2, or n , 3,

4.1.4 Fie!dVarlables
t
C.

The field variables in the flov model are listed in Table 4-3. The

fleld varlable names are uled on input to control prlntlng_ relaxatlon and

initialisation. It should be noted that either the CGB (Centlmeter-Gram-

Beeond) or MKS(Heter-Kllogram-Becond) system of units can be used.
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" Table 4-3 '

_, PORCE2PIBLD VARIABLES

Field
"_ Variable Description

RBOG Gas densi ty

._- P,HOS Solids density
'i

VISCG Gas viscosity

*_ vises Solids viscosity

VFRG Gas void fraction
Q¢

i VPR8 Solids void fraction

.. UiG UI gas velocity component

..: U2G U2 las velocity component

,_ U3G U3 gas velocity component

_ UI$ U1 solids velocity component

_ U2S U2 solids velocity component

U3S U3 solids velocity component

'_ P Local static pressure

FGA$ Gas mass source at feed ports
,'J

,, FSOL Solids mass source at feed ports

. GSOU Gas mass source to simulate gas
,i

.,.J production due to combustion

J

J
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4.2 RBSTARTPARAGRAPH _

Since FORCB2employs an iterative solution procedure, it is often _.

desirable to solve a problem in several steps called runs, Bach run after the

initial run begins vhere the previous run ended. FORCB2accomplishes this by

creating an optional restart file containing all of the information required

to continue the solution. Creation of a restart file is controlled bythe _

restart control paragraph. A restart run requires both an input file and a

restart file. As indicated in Table 4-I, the restart file created by FORCB2is _.

assigned to PORTRANLogical Unit 2. When it is subsequently used as an input

restart file in a succeeding run, it is assigned to Unit I. in addition to

RESTARTcontrol, a title for the run may be included in the RESTARTparagraph.

The run title is an optional input. The title viii appear on printed output

and rill be included vith all the post-processor data files (see Table 4-1). ""
k-,

The RESTARTcontrol paragraph has no header and may consist of tvo

statements, It is alvays the first input paragraph. The RESTARTkeyvord is

optional for the initial run but required for any subsequent restart run. The

title keyvord is optional for all runs.

[ RESTART ] SAVE _.
NOSAVB

SAY8 Specifies vhether or not a restart file is created _
NOgAVB by thls run

The optional run title consists of 40 characters and is entered as follovs.



"' 4.2. i !nitla! Run

:_ The I_START keyeord must not be included in an initial run. The SAVE

keyvord causes a restart file to be created. If the RESTARTparagraph is

omitted on the initial run, a restart file will not be created.

J

4.2.2 Restart Run

The I_START paragraph is a!vays required for a restart run. The I_START

statement causes the program to read a restart file and to continue the

.i_ previous solution. If SAVE is specified a new restart file viii be created.

The restart input file can contain additional paragraphs which modify

conditions for a restarted run. This alloys the user to continue a run or to

" run several similar problems without starting over from scratch. After the

" first problem, subsequent problems can be run by restarting from the previous

solution and specifying the input necessary to modify the original problem to

.... the new problem. However, thoOBOMETRYparagraph mus_ not be chgnRed _!era
restart run.

A restart run can also be used to print variables which were not printed

"_ on the original run. The CONTROLparagraph contains commands for controllinf

_' printing. A restart with zero iterations in the CONTROLparagraph can be used

.._ for printing additional field variables.

| O



4.3 GEOMETRY PARAGRAPH i_.,

FORCE2 can model a three-dimensional Cartesian coordinate system. ,_

The conservation equations for flow are solved by a finite difference

technique using a control volume approach. The solution domain is divided

into a number of rectangular control volumes (Figure 4-1). All variables !_
t_ e

except velocity are computed and stored at discrete locations called nodes. A

node is associated with each control volume and located at the center of the "

control volume. Additional nodes are included on the boundaries at the center

of each control volume face and at the corners of the solution domain. Nodes _

are shown as dots in Figure 4-1.

,*w

Velocity components are computed and stored at control volume faces

because a staggered grid system is used in the solution of the flow equations.

Velocity nodes are located at the center of the control volume faces normal to ""

the associated velocity direction. The arrangement for a 2-D geometry is _

depicted in Figure 4-2. The velocity node numbering _onvention with respect
to the control volume should be notedt velocities on the lower faces of the

_ _ . . ......... .......... ......... .i... i .......... .......... i ..... , ,rl, , , , !,,, i ] illlllI ii]iii i

control volume are assigned the control volume number in the parti_,lar

coordinate direction, This convention should be kept in mind when

inltlalizing field variables,

The geometry paragraph describes the discrettzation of the problem --

geometry into control volumes. Control volumes are specified by the positions
of the control volume faces.

4.3.1 SO!UtlOn Domain_.,,, ,,,,,

The CARTESIANstatement specifies the number of nodes in the X1, X2 and '_

X3 directions. It must be the first statement in the geometry paragraph.

CARTESIAN nl n2 n3

nl Number of nodes in the XI direction, includingboundary nodes

n2 Number of nodes in the X2 direction, Including boundary nodes

n3 Number of nodes in the X3 direction, includingboundary nodes
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4.3.2 Control Volume Face Positions

Positions of control volume faces are specified in separate statements

,i for each coordinate direction. Either absolute face positions or the relative

spacing between faces can be specified.
..t

Statements for specifying face positions are the same for each

direction. In the remainder of this subsection, a lover case n viii be used to

represent the coordinate direction.
7

_ Actual Face Positions

Xn PI,...,Pi

Xn Identifies actual face position specification for
_ direction n.

_ PI,...,Pi Coordinate values for face positions. The number of
positions specified is one less than the number of nodes

specified in the CARTESIAN statement.

:, The face positions can be specified in any order and are sorted into

ascending order by the program.

: Face Spacing

_: The distance between coordinate faces can be specified by this command.

- If only one distance is specified, it is assumed to hold for all cells in that

- direction.

.',
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DX, sl [,si] ...

DXn Identifies specification statement for spacing of cell ,.,
faces in direction n. The maximum number of spacings is 2
less than the number of nodes specified in the CARTESIAN _
statement.

_.

sl [,si] ... Distances between faces. If only one distance is
specified, it is assumed to hold for all cells. If the ,._'
number of specified cell spacings is less than the number ,
of cells, the last spacing will be used for the remaining
cells.

°.

It is not necessary to specify all cell spacings if some are identical.

In this case, the spacing for the first cell is specified and the following

cells are specified as null values.

Example: _.-'
_,_'

For 5 cells with a spacing of 0.5 meters followed by a cell with a
spacing of 0.7 meters, the following could be coded.

DX1 0.5, , , , ,0.7 :"

4.3.3 Boundary Model Input i._-

Input to the boundary model consists of a sequence of statements

specifying blockages and boundary conditions. There are two distinct types of

blockages, solid blockages and planar blockages. Solid blockages obstruct a
r.

volume of the geometry. Planar blockages obstruct a surface and have no

volume. Statements for describing solid blockages, planar blockages and "

boundary conditions are described in this section. _"

_.

The input statements for the general boundary model use the standard

FORCE free format input. A statement consists of a sequence of one or more

elements. Each element is either a keyvord or a number. Elements may be

separated by spaces, commas or tabs at the userts discretion. The first

element of a statement is always a keyword. "
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Solid Blockage Statement

__

A solid blockage obstructs a volume of the problem geometry. Its faces

must be perpendicular to coordinate directions. For Cartesian coordinates a

solid blockage is a rectangle in 2-D geometries and a rectangular solid in 3-D

geometries. More complex blockages can be described by specifying several

_ solid blockages adjacent to each other.

:_ The solid blockage statement specifies the extent of the blockage in

each coordinate direction. Its general format is sbo,_ below.

4

m

BLOCK CELLS Xl-mtn, Xl-max, X2-mtn, X2-max [,X3-mtn, X3-max]

where

"_ BLOCK identifies a blockage statement

CELLS indicates that this is a solid blockage specification

_' Xn-mtn is the position of the lover face of the solid in direction Xn

Xn-max is the position of the upper face on the solid in direction Xn
.,

_ Coordinate limits (Xn-min, Xn-max) may be omitted if they correspond to

the physical boundaries of the geometry and the limits following them are also

'_._, omt t ted.

_. Blockages may not b• specified on a restart run.

Examples:

BLOCK CELLS 1.3, 2.5, 0'.0, 0.5

J
This describes a solid blockage vtth faces at Xl=l.3 and 2.5 and X2=O.O

_i and 0.5. For a 2-D geometry this would be a rectangle. For a 3-D geometry it
:= vould be a rectangular solid that extends to the physical boundaries in the X3

direction.
• .



Planar Blockage Statement _,J

_,

A planar blockage obstructs a surface of the problem geometry and has no i.

volume. It must be perpendicular to a coordinate direction. Its edges must

he parallel to the other coordinate directions. In Cartesian coordinates a

planar blockage is a llne segment in 2-D geometries and a rectangle in 3-D

geometries. Complex planar blockages can be described by specifying several 3"

planar blockages adjacent to each other.

The planar blockage statement specifies the direction perpendicular to _.

the blockage, its position in that direction and the extent of the blockage in
,r

the other directions. Its general form is shown below.

ulmDmulml_mmmN

BLOCKXn position Xt-min, Xt-max [,XJ-mtn,XJ-max]

where: ..

BLOCK identifies this as a blockage statement

Xn is the direction perpendicular to the blockage

position is the position of the blockage in direction Xn

Xi-min is the position of the lower edge of the blockage in ..
direction Xi (for n.1, i=2 otherwise i=l) =

Xi-max is the position of the upper edge of the blockage in _-
direction Xi (for n=l, i=2 otherwise i=l)

XJ-min is the position of the lower edge of the blockage in
direction XJ (for n-3, J=2 otherwise j=3)

XJ-max is the position of the upper edge of the blockage in
direction XJ (for n=3, J=2 otherwise j=3)

Coordinate limits (Xk-min, Xk-max) may be omitted if they correspond to

the physical boundaries of the geometry and the limits following them are also

omitted.

Blockages may not be specified on restart runs.

k
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Examples,
./

, BLOCK X2 0.0

/

This statement describes a planar blockage perpendicular to direction X2

at X2=O.O and bounded by the physical boundaries in other directions.

" BLOCK Xl 0.5 1.0, 2.5, 0.0, 0.5

- This statement describes a planar blockage perpendicular to direction Xl

at Xl=0.5 with edges at X2=l.O and 2.5 and X3=O.O and 0.5.

Finally, block cells must be specified in the FLOFLAG paragraph.

" 4.3.4 Physical Boundary Cond!tlons

:4 The specification of physical boundary conditions can depend on the mode

of execution (STEADY or TRANSIENT specified in the FLOW paragraph). The

boundary conditions used at external boundaries of the problem in the STEADY
4,

mode are as follows'

" o Blocked boundaries are treated as blockages and boundary conditions

are determined by the blockage model.

o Unblocked Xl boundaries.

If flow is into the problem, Dirichlet boundary conditions are used

" for all variables. If flow is out of the problem, zero gradient

boundary conditions are used for all variables except U1 which is

_. determined by continuity. The direction of flow is determined by the
:I

j initial velocities.

o Unblocked X2 or X3 boundaries

Either Dirichlet or symmetry boundary conditions are used for all

-_ variables depending on boundary condition (described below).
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As indicated above, in the STEADY mode, flow into the domain can be _"

parallel to any coordinate and flow out of the domain must be parallel to the -,

Xl-direction. The boundary conditions used at external boundaries of the ,_.,

problem in the TRANSIENT mode are as foilovs:

o Blocked boundaries are treated as blockages and boundary conditions

are determined by the blockage model, if,,

o Unblocked boundaries with flow into the domains Dirichlet boundary ..

conditions are used for all variables.

o Unblocked boundaries with flow out of the domain: Constant pressure

or conttnuitive outflow conditions are applied. For constant
p.

pressure, velocities are calculated. For continuitive outflow, zero

gradients in velocity, pressure and void are applied. _

o Unblocked sye,netry boundaries,. Symmetry boundary conditions are

applied. Sysmetry results in free-slip conditions in both phases at ,.

the boundary. •

For both modes, the following applies.

o Inflow and outflow boundary conditions should be defined in the _.

FLOFLAG paragraph. ,_.

o Free-slip, partial slip or no-slip conditions for flow parallel to

blocked surfaces should be defined in the FLOFLAG paragraph.
.-/

The physical boundary condition statement specifies the boundary

conditions to be used on a single X2 or X3 boundary. The statement specifies _

the boundary and the boundary conditions to be used. Four statements must be ..

used to specify all of the boundary conditions.
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mm_mwmmmNw_m|m||N_||NNm|m_mN_mmm_NNMW_NmNSN|NmN|||||mmmm|mmm|mmmm|NNm|||||||

BOUNDARY X2 LOWER DIRICHLET
X2 UPPER SYMMETRY

_- X3 LOWER
X3 UPPER

wherez

X2 LOWER specifies the X2 boundarywith smallestX2 coordinate
X2 UPPER specifies the X2 boundary with largest X2 coordinate
X3 LOWER specifies the X3 lower boundary
X3 UPPER specifies the X3 upper boundary
DIRICHLET indicates the Dirlchlet (known value) boundary conditions are

used
SYMMETRY indicates that this is a symmetry boundary

If no boundary conditions are specified for any X2 or X3 boundary,

Vlrlchlet boundary conditions are used.

Boundary conditions may not be specified on restart runs.

Examples:

BOUNDARY X2 LOWER SYMMETRY

This statement describes the X2 boundary corresponding to the smallest

X2 coordinate as a symmetry boundary. This statement would be used to specify

the boundary conditions for the centerllne of a cyllndrlcal geometry.

,

BOUNDARY X2 UPPER DIRICHLET

This statement specifies that the X2 boundary corresponding to the

" largest X2 coordinate uses Dirichlet boundary conditions.

.... 4.3.5 Geometric Information output contro!

As an option, all of the geometric information calculated by the program

can be printed. Normally, only the basic information provided as input is

printed.

.... 4-17



PRINT 1

ALL

PRINT identifies the geometry output control statement.

J1 Limited geometry printout vithout blockage print.

2 Limited geometry printout vith blockage print.

ALL All og the calculated geometric tngormation is to be
printed.

°

'_2,.
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": A.4 PROPERTZgSPAPAGRAPH

- The PROPERTIESparagraph defines the viscosity and density of the gas

.. and solids phases. Reference temperature and pressure, common to both phases,

are also defined. These data are always used in the first iteration of the

,_ flov field solution.
, i!

For subsequent iterations, the density specified in the properties

--_ paragraph is used in the solution. The perfect gas law can be specified as an

_ option for the properties paragraph.

The molecular viscosities specified in this paragraph are used for all

applications. Viscosity as yell as other properties can be a constant, a

polynomial function up to fourth order, or a user-programmed function. The
" statements ares

,'- SOLIDS USER UNCTION]
FUNCTION n-i

- IDEAL (with GAS only)

_" VISCOSITY GAS a [a_,...,a4]soLzvs ussR [UNCTZOS] HiA

• FUNCTION nil
i_

a i coe_ficients of the polynomial (property = a0 + alT + a2T2...

F a4T_)
- n number of the user-programmed property function

IDEAL use the ideal gas law for density

L The USER FUNCTION(or FUNCTION)commands execute useriprogranuned

_ subroutines DENSOand VISCO. Currently there are no user-defined routines.
:::= = ,, ,,,, -

_ * For gas density, a p_lynomial is specified for the specific volume (i.e.,
L_ 1/o- a0 + alT...anT , n _ 1). For a constant density_ input only a0 where

O= a O.

• For solids density, a polynomial specified according to p . a0 + alT...anTm.
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This feature permits special properties for fluids or solids to be added in
the future. ._

If the ideal gas law is used for density, then the molecular weight of

the gas must be defined.

The gas constant, R, in the ideal gas law

p. P • m/[R . (T + Tref)]

is set with the statement

6

GAS [CONSTANT] value

value The gas constant R (default R - 1.0).

_ammma_am _aamu_a_a mm_a_a_aam_mam_mm_ Ima _amm_am_m_ mm_mmma_mmm_mlm

The reference temperature, Tre f, used in the ideal gas law and the

reference enthalpy are set with the RBFBR_CB statement. ' '

m _1,mB m_,,i ml _ m um ,,m_ am m,i ,im_ ,m elm m, ,m,emm mm um,mm mmmm aP a aaDaamm waa_Haa_ a ee mea aaaaa am mqm_ mmaaama men aa mamma mam I,

REFERENCE TEMPERATURE value

value The reference temperature ",

The temperature field may be initialized by using the temperature
statement.
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'mmmmmamtmemmmm_mmme_m_mmmm4m_'_mmmm_m_mmmm_m_8memjm_m_m_em_e_je_m_mmme_e_m___mm_

TIMPEP,ATURE value

value The nominal temperature,

#

i Reference densities for the gas and solid phases are used for

normalising solution parameters, Solution speed and convergence are improved

by defining a reference (or nominal) density for each phase. Reference

" densities are set as follows,

GAS REPERSNCB DENSITY value
", SOLIDS

: value The reference density

The pressure field solved by FORCBis actually a pressure deviation from
._ the reference pressure, The actual pressure level for a particular cell Is

the sum of the local pressure deviation and the reference pressure, The

reference pressure is a knovn pressure level within the problem geometry.

Both the pressure value and location are specified vlth this statement.

PRESSURE value [nl, n2, n3]

E [ni, n2, n3] the reference pressure location. Location 2,2,2 is
assumed if not specified.

m m m m w w m@ mN mmm m@_ w wwm wmmmmwwmw ww wmmmm_Nmmmmmmwmmmmm_m

A compressible formulation for the viscous terms is an option in thetransient mode. It is selected by defining a second viscosity coefficient for

either or both phases with the following statement.
mm m mm _imm m,_,me m* me, _mmmm mmm ammmm Im mm mm wmw w mmmm mm ramam,m wmlmm am mm mm,mmmms mmm amm emmam m mm mm m mm m_ mmmmm m_ mm m mm mm ¢mmmm$1mmm ammmm mmmm em mm mm (mmmm mm mmDm mm _ m m m

!'2, SECOND [VISCOSITYl [COEFFICIENT] GAS C1
', Or

SOLIDS

i: C1 second viscosity coefficient

aml.m mm ,m,mm am m* ml mm mm ml mo wJ emmmDm ,m_im m em,m_ _m,_ mm mm mm mm,m m mmmm am m. am I. m mm.mo mm ,m mm,mm amam imm. mm mmmm am me.,m,m im ,m, mo _ _ wm emm _ e,m,m*w* me, _ _ mum m, wmlm Im,m am

i '
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The eseond vis_oxtty eoefflclent is normally taken as 2/3 aeeordinE to "

8tokes' hypothesis, i.e., -_

X.C 1 , _=0

vhere X . eoeffietent of buXk viscosity

C1 -seeond eoefftetent of viscosity

- moXeeular viscosity

If 0 ! is epeelfied as a nqatlve number (the defauXt is -1.0)t an _

IneomprenlbXe formuXatlon is used,

4P _"

_,v.o
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- 4.5 FLOVPARAGRAPH

- The solution method end special features of the flow field are specified

. here. Special features of the flov _nclude gravity and distributed

resistances due to obstructions.

4.5.1 of 8tn.latto.

FORCB2 can perform either a transient or steady simulation. The mode is

-. selected vith one of the gollovtng statementst

" TRANSIENT
or

STEADY

4.5,2 Solution Psruster_ for the Steady Simulati0n

.. In the transient mode, the implicit multifield technique, Rivard (1977),

is used to predict the hydrodynamics. The solution is controlled by the

timestep, iteration and mass convergence parameters specified in the Control

Paragraph.
_4

" In the steady mode, a modified SIHPL_BRsolution algorithm (Patankar

- 19801Schnipke 1986) is used. This method is based on solving the momentum

.... equations vith a fixed pressure field and then correcting the velocities and

., pressures so that conservation of mass is satisfied. An tterative solution

method is necessary. For each macro solution step, iterative solutions of the

momentum equations, pressure correction equations, and continuity equations

are performed. A matrix solution method is used. The number of macro steps

"" is specified in the Control Paragraph.

., The iterative solution of the pressure correction equations is

.. controlled by the folloving:
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SVBBP PUSS_ nsvp

nswp Number of pressure equation sweeps

At each solution sweep the following is performeds _.

i) Solve along lines in the X2mX3 plane at each Xl location, marching

"out" and "back" along the Xl axis.

ii) Solve along lines in the XI-X3 plane at each X2 location, marching

"out" and "back" along the X2 axis.

iii) Solve along lines in the XI-X2 plane at each X3 location, marching ....

"out" and "back" along the X3 axis. ,"

For a two dimensional problem only steps i) and ii) are performed with

solutions along X2 and Xi lines, respectively.

The iterative solution of the momentum equations is controlled by

solution region and sweeping parameters. The solution region is defined by

SETn statementst where n is the coordinate direction. Vithtn the defined

region, iterative solutions will be performed. Zt should be noted that the 2.

program does not determine if all the regions cover the entire solution .

domain. The defaults for the momentum equation solution define the entire
b

solution domain! however, specifying regions with the SSTn statements

overrides this. The form of the SBTn statements is defined in the section 2.8

Initialization Paragraph.

The sweeping parameters for the momentum equation solution are stored in ..

a table and each set then executed to perform the solution. A set of these

parameters for the momentum equation solution is defined by the followings

w
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SWEEP nsvm Xn [PLUS] [ADD]
'_ [MINUS] [REPLACE]

[DELETE]

.... nsvm Number of sweeps

Xn Sweep direction ( Xn . Xl, X2, or X3)

PLUS Means sweep in the plus Xn direction; defaultz PLUS followed
by MINUS on each sweep

0.

MINUS Means sweep in the minus Xn direction

._ ADD Add the current parameters to sweeping control table

. REPLACE Delete all previous entries and then add current parameters

" DELETE Delete all previous entries

For example the statement
.°

SWEEP I0 Xl PLUS

.d

results in the following solution scheme for all momentum equations

r_

o 10 sweeps down the Xl-axis
-.,

- o At each nodal location on the Xl-axis, the momentum equations are

.... solved along lines in the X2-X3 plane

... The statements

Set 1 10, 20

' Set 2 20, 30

- Set 3 3, 6

_" Sweep I0 Xl

-- Sweep 20 X2

_. Sweep 30 X3
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result in the following solution scheme for all momentum equationsz

o The sweeping strategy viii be applied to all nodes within the region

defined by

Xl-Axiss From node #10 to node #20

X2-Axis: From node #20 to node #30
X3-Axis: From node #3 to node #6

o Ten sweeps down the Xl axis, solving the momentum equations along _

line sin the X2-X3 plane

o Twenty sweeps down the X2 axis, solving the momentum equations along ~

lines in the Xl-X3 plane

o Thirty sweeps down the X3 axis, solving the momentum equations along .

lines in the Xl-X2 plane =

The following should be noted regarding the momentum equation solution

parametersz

o The default solution region (defaultz entire domain) is recommended. =._

Defining multiple regions is recommended only for the more ._

experienced FORCE2 user.

o Bach SWEEP statement without the REPLACEor DELETE specifications

adds a set of solution parameters to the control table. The table is "

retained on restart runs. Consequently, SWEEP statements that were _:

specified on the initial run are executed on all subsequent restart -

runs unless replaced or deleted, r-
_,.

Finally, the phase continuity equations are solved for gas void fraction
9"

using the sweeping strategy specified for the momentum equations, i

_,
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"++ 4.5.3 Particle Properties •
'i ,m i ,i i i

.,, Particle size and shape factor (sphericity) are specified with thet

following,

-' DIAMETER value
value Partlcle diameter

)

SPHERICITY value
._, value Particle sphericity

4.5.4 Gas/Solids ModelinE Parameters

The solids stress (G) in the solids momentum equations is calculated as

a function of gas void fraction (_) according to

,! G(¢) - Gn.EXP[-S s. (¢-£*) ]

• The normalized stress (Gn), slope (Sm), and packing void (¢*) are specified

with the following statementss
_'_
j,

t_

i_ SOLIDS STRESS PARAMETER GNORM Gn
SOLIDS STRESS PARAMETER SLOPE Sm

i_._: SOLIDS STRESS PARAMETER EPSTAR ¢*

['._ Gn Normalized Stress (defaultz .i N/M**2)
i Sm Slope (default s 600 )

e* Packing void (default z . 384 )

........................
t

As noted by Lyczkovskt (1989), two sets of momentum equations have been

_i developed to predict solids flow. in one set, denoted Model At the pressure

gradient is included! in the other, denoted Model B, the pressure gradient is

not. The solids hydrodynamic model is selected with one of the follovingz
_' J

k.
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mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmNmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmu|mmm

MODEL A
or (default , MODEL B)

MODELB

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmwwmmm m@@wmmmmm@w@mm@w wmw

,r

4.5.5 Drag Formulatlon

i

Two models (denoted scalar and vector) are available for calculating

interfacial drag. In the scalar model, relative velocity is calculated based ,-.

on the magnitudes of the gas and solids total (vector sum) velocities. In the

vector model, relative velocity is calculated based on the gas and solids

velocities in the coordinate directions of interest..The drag model is

selected with the followings

_,m Immmmm |Im mmm mmmmmm ummm| mmmmammmmmm mm mm mmmmmmm| am| |ml mom| m am m im m mm ammm mmm gmmm mmm mm |mm um mmam | mum |mm lmmmm m mmw mmmmm !

SCALAR DRAG
or (defaultt SCALAR DRAG)

VECTOR DRAG ..

mmmmmmmmmmmmmmmmmmmm(mwmlmmmammmmmmmmummummmmmmmmmm| |mmmmmmmm _mmm_muNmmmummmmmmmmmmmu )'

4.5.6 Flow Obstructions -
ii i ii i n i i elli

@

)

The flow obstruction section of the FLOW paragraph specifies "porous"

flow obstructions that do not completely block the flow within or at the face _

of a control volume. The loss factors to determine the associated "_

unrecoverable pressure drop are specified here. Constant factors can be -

specified or can be calculated in a separate routine that is provided by the .

user. Each resistance (constant or user defined) and the associated geometry

are stored in tables (one for each phase) that are retained on restart runs.

The input data specification for a flow obstruction starts with a F

heading and is followed by statements defining the geometry and loss factor if

appropriate. I_

For a constant loss factor, the obstruction is identified as follovsz



mmml_mmmnmmmmm_m.,m mmlmmm

DISTRIBUTED [RESISTANCE] GAS IN]
or

DISTRIBUTED [RESISTANCE] SOLIDS [N]

"; MULTIPLIER [FACTOR ] Kmult
. LOSS [ FACTOR] K
,, Xl Xl[X2mln, X2max, X3mlnt X3max]

X2 X2[Xlmln, Xlmax, X3mln, X3max]
X3 X3[Xlmln, Xlm_x, X2mtn, X2max]

_? Xl [RANGE] Xlmtn, Xlmax, X2mtn, X2max, X3mtn, X3max
' X2 [RANGE] Xlmin, Xlmax, X2min, X2maxt X3min, X3max

X3 [RANGE] Xlmln, Xlmax, X2mln, X2max, X3mln, X3max

DELETE
..- where:

- GAS means the loss factor will be applied in the gas phase

SOLIDS means the loss factor will be applied in the solids phase

N resistance number. N is used only on restart runs to change
:_ parameter (K, Kmult_ Coordinates) of an existing distributed

loss factor or to delete factor number, N.

;_ Kmult is a multiplier for K
t

K is the loss factor

. XI,X2,X3 identifies the flow direction. The distributed loss will be
applied to flow in the XN (N _ 1, 2 or 3) direction.

.:, xl is the position of the obstruction on the Xl-axis for a
resistance to flow in the Xl-dtrectton.

_i x2 is the position of the obstruction on the X2-axis for a
: resistance to flow in the X2-direction.

. x3 is the position of the obstruction on the X3-axts for a
resistance to flow in the X3-dtreetton.

xnmtn is the position of the lower edge of the obstruction on the
...... Xn-axis.

xnmax is the position of the upper edge of the obstruction on the
_ Xn-axis

= RANGE indicates that the resistance factor viii be applied to all
nodes in the identified range

, DELETE means delete resistance number N in the resistance table

;, 4-29 o
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J

If the loss factor is to be calculated in a user supplled routine (called

subroutine USRRES), the following statements identify this option: ..

mm_w Dw

USER [DEFINED] [RESISTANCE] GAS [N] _i
or _J

USER [DEFINED] [RESISTANCE] SOLIDS [N]

RESISTANCE [NUMBER] hum _i
Xl Xl[X2min, X2max, X3min, X3max] ..,
X2 X2[Xlmin, Xlmax, X3min, X3max]
X3 X3[Xlmin, Xlmax, X2min, X2max] -_.
Xl RANGE [Xlmin, Xlmax, X2mtn, X2max, X3mtn, X3max]
X2 RANGE [Xlmin, Xlmax, X2mtn, X2max, X3mtn, X3max] "
X3 RANGE [Xlmln, Xlmax, X2mln, X2max, X3min, X3max]
TUBE [DIAMETER] DT
DELETE ..

where: _-

GAS means the loss factor will be applied in the gas phase _

SOLIDS means the loss factor viii be applied in the solids phase _"

N resistance number. N is used only on restart runs to change
the parameters of an existing user-defined resistance or to _._
delete resistance number N.

mum a parameter that is passed to subroutine users. It can be
used to identify correlations, etc. ,

/

Xl,X2,X3 identifies the flow direction. The resistance viii be _
applied to flow in the XN (N = I, 2 or 3) direction.

xl is the position of the obstruction on the Xl-axis for a
resistance to flow in the Xl-dlrectlon.

x2 is the position of the obstruction on the X2-axis for a
resistance to flow in the X2-direction. _

x3 is the position of the obstruction on the X3-axis for a
resistance to flow in the X3-dlrection. '.

xnmln is the position of the lower edge of the obstruction on the

Xn-axis

xnmax is the position of the upper edge of the obstruction on the
Xn-axis "
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. RANGE indicates that the resistance factor will be applied to all
nodes in the identified range

Dt tube diameter to be used with the ANL bundle resistance model
(this input applicable only when subroutine AI_ES is used
instead of USRRES).

DELETE means delete resistance number N

It should be noted that each DISTRIBUTED or USER resistance statement

without the DELETE option adds an entry to the resistance table. The table is
1

retained on restart runs. Consequently, resistances that were specified in

. the initial run are included on all subsequent runs unless deleted.

4.5.7 Mass Sources
, ,,

.i

'_ Gas and solid mass sources may be included in the problem using the

- FGAS, FSOL and GSOU field variables identified in Table 4-3. The variables,

FGAS and FSOL, are used to simulate gas (FGAS) and solids (FSOL) inflow to the

• system at locations not on the boundaries of the computational domain (i.e.,

they are used to simulate interior feed ports). FGAS and FSOL are intended to..

model local mass sources. The variable, GSOU, is used to simulate gas

generation due to combustion and is intended to be a distributed mass source.

" These local and distributed mass sources must first be activated with the

•_ followings
J

.... o For a local gas source using FGAS

FEED PORT GAS

_ o For a local solids source using FSOL

-, FEED PORT SOLIDS
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o For a distributed gas source using GSOU _,

MASS SOURCB GAS

L
The sources are then defined by initialising FGASt FSOL and/or GSOU in

the INITIALIZATION paragraph. The appropriate units arex

Variable Units

FGAS Mass/time '..

FSOL Mass/time

GSOU Mass/(time*volume)

4.5.8 BgdY FO,,rees

The gravity input is for the buoyancy source term in the momentum ;

equations. The GRAVITY statement defines the magnitude of gravitational

acceleration and its orientation with respect to the coordinate system.

ua_mmmmmwammmmaw_mmm'mIwmm_mI_m_mo_mmmmummmI_mImwImmumIm_mmIImImmm_mmImmm_m_nma

cvITY ,g
g The magnitude of the gravitational acceleration in the system

units. (defaults g = 9.8 m/sec _)

_g Angle in degrees between the minus X1 direction and the :_
gravitational acceleration vector (see Figure 4-3).

eg Angle in degrees between the projection of the gravitational
acceleration vector into the X2-X3 plane and the positive X2 '"
direction (see Figure 4-3).

,win

The default gravity statement tsx
a,.

GRAVITY 9.8 O. 0 O. 0 "_

...,.
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4.5 CONTROLPARAG!_APH

The CONTROLparagraph contains commands to control the problem solution.

Information specified in this paragraph includes the number of iterations,

reAaxation parameters, and print control. RELAXATIONand PRINT CONTROLcan be

applied to any of the FIELD VARIABLESlisted in Table 4-2.

"' 4.5.1 Iterations iptheSteadMMode

The ITERATIONS statement specifies the number of macro iterations to be

, performed in a steady flow.

"_ ITERATIONS n

n number of solution iterations if a steady run (defaults 0).

if there is no ITERATIONScommand or if the number of iterations is

zero, no solution iterations are performed. By including the appropriate

print commands, a run wlth zero iterations vhlch is restarted frou a previous

solution can be used to print results which were not printed originally.
..

4.6.2 Relaxation Inl lllth e ,Steady Mode

_ The finite difference equations that must be solved for the steady-state

solution are strongly nonlinear and coupled. Because of this, relaxation is

used to stabilize the iterative solution process.

Relaxation reduces the change in a variable from one iteration to the

next, so that the solution does not diverge.
L

_ Separate relaxation parameters are available for each variable so that

.... they may be relaxed independently.

Two forms of relaxation are available in FORCE, under-relaxation and

inertial relaxation.
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P

Under-relaxation_,j,n_ i r,i,, ii i ....... : .... ITI llll

Under-relaxation modifies the change in a variable by a constant factor. .

If the change in the variable, _, predicted by solving the finite differ,nee

equations wlthout under relaxation is d, then the relaxed change is r.d where Y

r is the under-relaxation factor.

r

' ev " %ld + r. d ii

A typical 9alue for r is 0.5. A value of 0.0 inhibits changes and a

value of 1.0 is equivalent to no under-relaxation.

The under-relaxation parameter for a field variable is specified by the "

relaxation statement.

m.._.m_._.._._.--_m_._._m_._._.._..._m.._.i_a--_._m._m.._._._..e._.--i.

RELAX vat r

vat name of field variable

r under-relaxation value (default, 0.5)

!

Under-relaxation is applied in the mass conservation equations used to

calculate gas void fraction. Based on Carveres (1983) approach, under-

relaxation is applied to improve solution convergence at low (VMIN) and high -,

(VMAX) void fractions. The input data specification starts wlth a heading

and is followed by statements defining the limiting void and relaxation

parameters. The heading and statements are as followss

r_
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VOID[RELAXATION][PAaAMnTER]
VMAX vmax omax
VMIN vmin omin

, NOMINAL onom

where,

j vmax Maximum void. For voids above this value the under-relaxation
factor omax rill be applied

omax Under-relaxation factor above a gas void fraction of vmax

vmin Minimum void. For voids below this value the under-relaxation
_ factor omin will be appilad

.... omin Under-relaxation factor below a gas void fraction of vmin

onom Under-relaxation factor above voids of vmin and below voids
of vmax.

•, a. ,...mJ(mm.mmmwm.mmm| mmmm.mmm mmmmN.m, m_m_m_mmmmmmmm_mmmmm _|me|_ mmm| |m *|mmmm Jme |mmm| || J|m | |mgme_

In a typical fluid bed appllcatlon with the critical void (¢*, defined in the

: FLOWparagraph) specified as .38, void fraction may be under-relaxed according

to the follovinzs

"" VOID RELAXATION PARAMETER

r-'_ VMAX .9999 .Ol
!

_- VOID RELAXATION PARAMETER

VMIN .38 .Ol
r,
!_ VOID RELAXATION PARAMETER

NOMINAL 1.0
I*i

r! For some applications, under-relaxingbody forces (caused by gravity)

if' has been found to improve solution convergence. The approach is to gradually

apply gravity forces as the solution develops according to

_J
geff = gact "F

F*!

,12
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vith ;-

_mp

F = Nlngr for Nlngr _

P = l.O for N>ngr

vhere

gaff = "Iffectlve"gravitationalacceleration

gact = Actual gravitationalaccelerationdefined in the FLOP paragraph ,.

ngr = Number of macro tterattonm taken to apply the gravity force8
N = Hacro iteration number

Relaxation of the body forces is a_complished vtth the folloving:

lllmlillmlillililUmllllililmllllliliilliliililimillllillimlilullillillil_lUill

RBLAX GRAVXTY ngr _.
ngr Number of macro iterations taken to apply gravity tortes _.

The momentumaquattofl8 in a parttoular direction are coupled through the

drag forcea. Solution convergence ie sometimes improved by relaxing thte
linkage during the simultaneous solution for gas and solids velocltlee. _.

Relaxing the linkage due to Interphase drag Is accomplished by

.LAX DRAG GAS r ,_"
SOLIDS

vhere, GAS Means relax the interphase drag in the gas momentum
equations.

SOLIDS Hun relax the tnterphase drag in the solids momentum
equations _

r Under-relaxatlon factor (default t 1.0)

For examplet the statements

RBLAXDRAGGAS 0.5

RB_ DRAGSOLIDS O. 0
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result in the folloving

o In the gas momentumequation, half of the drag force is modelled by

the Qouplin8 to the solids equation and half as a constant term based
on current eolids velocities.

. o In the solids momentum equatlont all the drag force is modelled by a

.. constant tern based on current gas velocltles. Vith 0.0 under-

relaxation, there is no coupling to the gas equation during the

simultaneous solution.

!nmrt!a!R, lax, tion

When a variable is calculated from a finite difference equation,

inertial relaxation may be used. The finite difference equation for a

variable, _, at a node, p, may be vritten,

ap_p = anb _nb + S_

nb

This is relaxed by adding an inertial term l_p to both sides of the equation.

(ap + l)_p . _ anb_nb + S + I_oI d

The relaxation factor I is defined in terms of ap and an inertial relaxation
. parameter t,

I = apt/(1-t)

" A typical value for t is 0.5. A value of 0.0 is equivalent to no

inertial relaxation. Experience indicates that inertial relaxation is usually

- necessary for the velocities to prevent divergence of the solution.
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The inertial relaxation parauter for a field variable is specified by

the inertia statement. If the field variable is not specified, inertia is

applied to all the field variables. _i

zmTzs [vat tl L

v.r n,m. v,rl.bS.
t inertial relaxation parameter (defaults O)

4.6.3 Controls in the Transient Hodsi _ i i ii _ llll0 r i , :

Q.

Problem time step, mass convsrgance criteria, maximum problem time and _.

maximum al!ovable iterations are some of the parameters that control the

transient axecutton of FORCE2. The solution can be stopped based on maximum _.

problem time or maximum number of problem timesteps according to the

follovtngJ

•mwmm|.mmmmmmmmm..mmm.m, mm.mm.mmm_.m.mlmmwmmmmmmmm |mm mm_mmw m m wwm_ I mw _mmml m u mm mmlmw _mml ml_mmm_m| _

STOP [TIME] t _
and/or

HAXIHUM TIHI STBPS n _

t Maximum problem time

n Maximum number of timesteps for this run
k_

Problem timestep is specified with the fol!oving i_
@,m
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mmm.,.w mm..mmmmmm

TIMESTEP dt

' dt Problem timestep

Convergence for a single timestep is based on satisfying -

_ ¢'o'V'epsg > [D.dt[

where

¢ = Gas void fraction

0 = Gas density (mass/length**3)

: V - Volume of the control volume (length**3)

•_ epsg = Mass convergence criteria

: D = Gas mass residual (mass/time)

dt = problem timestep

for all control volumes in the solution domain.

"" The mJass convergence criteria, epsg, is specified with the following"

MASS [CONVERGENCE] [CRITERIA] epsg

epsg Mass convergence crlterla (default" .0001)

The momentum and continuity equations are solved for a single timestep

by performing many sweeps (macro iterations) over the solution domain. On

each macro iteration, operating conditions are predicted on a cell by cell

basis. Several (micro) iterations at each cell are needed to achieve

_ convergence. In some applications, particularly during the first several

. timesteps, an excessive number of iterations may be needed to achieve

convergence. The convergence difficulties can usually be attributed to poor

_. 4-39



i

Initlal conditions. Consequently, the number of iterations can be controlled =_

by the follovlng:

:J

MAXIMUM MACRO ITERATIONS nma _MAXIMUM MICRO ITERATIONS n_i

nma Maximum number of macro (sweeps over the entire domain)

iterations (default: 200)

nni Maximum number of micro (solution iterations at a node)
iterations (default: 20) _,

4.6.4 Single Phase/Two Phase Control

_..

In many applications, parts of the solution domain will contain only _

gas. In these areas, only the gas equations have to be solved. The "cutoff"

for no solids is based on gas void fraction and is specified with the

following' _

_.m.m m m,...m _,

MAXIMUM VOID epsv

epsv Maximum gas void. The solids equations are not solved for '_
gas void fractions above this limit. (default: .99)

4.6.5 OutPut Control

The PRINT statement controls those outputs not controlled by other

paragraphs. This includes printing of each field variable, statistics,

debugging information and page size.

Field Variable Print Control

The PRINT control command specifies the printing options for a field _.

variable. A variable say be printed at the beginning or end of a run. PRINT

control statements carry over to RESTART runs.

t
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PRINT war [INITIAL] [FINAL] [OFF] [CONVERT [TO]] 'units' [VIAl A B

war name of field variable

INITIAL print prior to first iteration

" FINAL print at the end of the run

OFF turn off printing of those field variables that are
-_ normally printed

.? CONVERT convert the units in printout

units the name of the converted units up to 8 characters
J

A, B constants in the unit conversion equation _nev = A'_old+B

Example:

.... PRINT P FINAL CONVERT TO 'PSI' VIA 1.4504E-04

Cause pressure to be printed at the end of the run and converts pascals

to psi. It does not change the units of pressure in the FORCE2 calculations

or in the restart file.

"; 4.6.5.1 Printer Output. During transient execution field variables may

• be printed based on problem time or number of timesteps. This may be

accomplished with the followings

W_m_ n _m _ m | | glmlm | m lw m n a u m n m _|m dmDmmmJ mum m _m lw mDm.

PRINT INTERVAL TIME dip
and/or

PRINT INTERVAL STEPS npr
w_

dip Problem time interval between print outs

npr Problem time steps in the transient mode or iterations in the
'_ steady mode between print outs

_' 4.6.5.2 Graphical' Post Processor Output. Two data files are written for

the graphical post processor: i) a file vlth all field variables and ii) a



file with selected field variables versus time. During transient execution,

the latter is used to collect timewise predictions at user defined locations _.,
t'"

in the domain. "._..,

The frequency at which all field variables are written to a post- _,

processor file is specified by the user. The input data specification starts

with a heading and is followed by a control statement as follows: _i

POST PROCgSSOR DATA i::
SAVE ALL na

na Number of ttmesteps between the writing of all field
variables to a file _

e

For example, the statements
r,

POST PROCRSSOR DATA _"

SAVE ALL 1000

causes all the field variable to be written every lO00 timesteps. In the _.

steady model, all field variables are written at the end of the run.

The frequency at which selected variables are written to a post-

processor file is also specified by the user. The variables and their

location in the domain are stored in a FORCE2 table. This table is retained

on restart runs. Consequently, the STORE statement (below) always adds _.

entries to this table. Currently, the number of entries is limited to 10. The

input data specification starts with a heading and is followed by statements

that define the variables and the write frequency. This is accomplished with

the following: .
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POST PROCESSOR DATA
_ SAVE SELECTED [VARIABLES] ns

DELETE

i, STORE war [AT] 11, 12, 13

where,

i} ns Number of tlmesteps between the writing of the selected• field variables to a file

:i, DELETE Means to delete last entry in the data storage table
_p

STORE Means to write the variable to the post processor file

vat is the field variable name (Table 3)

t1,t2,i3 node locations on the X1, X2, and X3 axis respectively for
": the field variable.

For example the statements

POST PROCESSOR DATA

SAVE SELECTED VARIABLES 100

': STORE U1G AT 2,2

_ STORE UIS AT 2,2

STORE VFRG AT 2,2

.... cause the selected variables - gas and solids velocities in the X1 directions

and gas void fraction all at node 2,2 - to be written to a graphical post-

processor file every 100 timesteps.

.... 4.6.5.3 Output f0r Erosi0n Model. Velocity and void fraction

,_ predictions are written to a file for subsequent input to the fluid bed

erosion model. The frequency at which this data is written is specified with

the following:
"i

,-_ EROSION [ MODEL] [DATA] ne

ne Number of timesteps between the writing of the hydrodynamic
data for the erosion model.

r-" 7
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4.7 PERMEABILITY/POROSITY PARAGRAPH

Obstructions in the flow field can reduce the flow area and volume

available for the gas and solids phases. The governlng momentum and

continuity equations include area permeabilltles and volume porosities to _,_

account for partlal blockages of the solution domain where

Area Permeability - Free flow area/Total area _a

Volume Porosity s Volume available to the phases/Total Volume _

The permeabilities and porosities are specified in the PERMEABILITY _.. .

paragraph. It is done by first specifying the region using the SETh statement

and then specifying the permeability or porosity with additional statements.

The SETh statement is defined in section 4.8, Initialization Paragraph. The _-

assignment statements for porosity and permeability are described below. -tr_

_Assigning Porostty
_.

Porosity is specified with the following statement:

_,.,_,_,,_D_,_,,,_ m,,l_,_,,_,l,_,n_l,m,u,_ _,_,l_._,_ _ _ _ _ __ w_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _t_.l,_l

POROSITY val

val Volume porosity of all nodes in the region defined by the
SETn statement(s) (default: 1.0) _"

_._.

Assign Permeabtli tie s _,

The area permeabtlities are specified with the following. -

,,°
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m_Qmmm_mlm_mmmDIm

X1-PERMEABILITY pxl
X2-PERMEABILITY px2
X3-PERMEABILITY px3

pxl Area permeability in the Xl-dlrectlon over the region defined
by the SETn statement(s)

px2 Area permeability in the X2-dlrectlon over the region defined
by the SETn statement(s)

px3 Area permeability in the X3-direction over the region defined
by the SETn statement(s)

(defaults: pxl = px2 = px3 = 1.0)

Examplesz

i) To specify a volume porosity of .5 over the entire domain in a 3-D

problem:

SET1

SET2

SET3

POROSITY 0.5

il) To specify an Xl-permeabillty of .5 over Xl nodes (I to I0), X2

nodes (2 to 20) and X3 node (3 to 30):

SET1 1, 10

SET2 2, 20

SET3 3, 30

XI-PERMEABILITY 0.5

-- 4.8 INITIALIZATION PARAGRAPH

Values are assigned to field variables (Table 4-3) in the INITIALIZATION

paragraph. Values can be assigned at the boundaries (boundary values) and the

interior points (initial estimates) of the solution domain. SETn statements
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are used to define the region in which the values are initialized. Once a '-

region is defined with SETn statements, values within the region can be

assigned to one or more field variables. One statement is required for each rN

field variable.

All field variables initialized in this paragraph are printed before the

iterattve solution begins. The field variable will not be initially printed ,"

on subsequent runs unless specified by the PRINT statement in the CONTROL _-

paragraph. ,,

4.8.1SBTtlng Regions

The general form of the SBTn statement is:

SETn [ml [,m2 [,m311l

n the coordinate direction (I, 2 or 3)

ml the node number at the lover limit of the region

m2 the node number of the upper limit of the region (defaults ml) ....

m3 node increment, the nodes included in the region are ml, ml + mS, r-_,
... ml + 2m3, (default: I) _.

y-

;v

The usual interpretation of node numbers has been expanded to alloy -

specification of nodes relativQ to the last node. If the last node is n, then

0 is interpreted as n and a negative number, -n, is interpreted as m2-n.

Bxample:
t,o'

SET1 1,0

Includes all nodes in direction 1 in the region

SET2 I,-I

Limits the region in direction 2 to all but the last node

-w.



. " 4.8.2 Assizning_ Values

. The field variable assignment statement consists of two elements, the

.. field variable name and the value to be assigned. '

_: var value

._ war field variable name

value numerical value
\

Examplez

U1 1.0 $ Assigns the value I to the axlal veloclty.

VISCOSITY 1.067E-5 $ Assigns the value 1.067E-5 to viscosity.

' All locations within the current region are assigned the value

• specified. If no region has been specified, the value is assigned to all

locations in the geometry.

4.8.3 Pressure Initialization
. i,H,, n, i i i , i i _

The pressure field can be initialized based on a minimum fluldizatlon

..... condition. In some applications, this approach will provide reasonable

,.,. starting conditions for the solution. The appropriate statement is_

mlmmmmmmmmmmmmmmmm,

MINIMUM FLUIDIZATION idtr

tdtr Coordinate direction (!, 2 or 3) of the pressure gradient
,.

_m_m_

__, An initial pressure field is developed based on the followingx
_._

,., o The specified initial gas and solids void fractions

._ o 0ne-dimensional gas flow in direction tdtr with no solids motion

o Minimum fluidizing gas velocity
y
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4.9 FLOFLAGS PARAGRAPH _J

Fluid boundary conditions at inflov, outflov and blocked control volumes _,

are defined in the FLOPIAG paragraph. The definitions here should be

consistent vith the geometry defined in the GEOMETRYparagraph. Control
_,

volumes are identified using the SBTn statement and the boundary conditions

defined vith the folloving statementsz ,_

GAS iflag :
SOLIDS i flag

vheres _

GAS Mean a boundary condition on the gas phase ""
SOLIDS Mean a boundary condition on the gas phase ,,

iflag is the boundary condition flag defined as follovs _..

Iflag Meaning _'

-3 Blocked control volume vith No-Slip velocity boundary '_
conditions _.

-2 Blocked control volume with Partial-Slip (appllcable to :.
sollds phase only) veloclty boundary conditions

_.

-I Blocked control volume vith Free-Sllp velocity boundary
conditions

O Non-Blocked no flov control volume :

1 Free flov control volume

2 Inflov control volume on the domain boundary "

3 Continuitive outflov volume on the domain boundary _.

4 Constant pressure control volume on the domain boundary
(applicable only to transient mode)
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-:-', Examples

_ i) To specify no sllp boundary conditions for the gas phase and partial

_' sllp conditions for the solids phase alone the lover X2 boundary,

i SBT1

"_' SBT2 1, 1

_, SBT3

._: GAS -3
,_ SOLIDS -1
,,:,-

i. ii) To specify gas inflov only along the lover Xl boundary,

"_ SET1 1, 1
•:_ SET2

,,;, SET3
-" GAS 2

SOLIDS 0

I 4-49
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J_x

4.10 FORCE2RUNTIHBFILE "_

The runtime file on Unit 11 (see Table 4-1) contains parameters that ,

control execution of the code. Because it is closed after the parameters are
_,

readt the file can be modified during execution of the code, It contains the
_j

folloving three parameters8

i

GOor STOP
Iter
nread _

vhere,

GO means continue execution of FORCE2 "

STOP means stop execution. All restart and post-processor files _"
are vrttten and closed.

Iter number of iterations (steady mode) or tlmesteps (transient _
mode). This information is vrltten by the code and should
not be modified. -

nread read frequency for the file. The file vii1 be read every "
nread iteration (steady) or nread timesteps (transient).

L

4-50



t

v v v "l v v v v r

O o o • o 0 • • •
r_, -- .... .,, ,,, -- ......... ,....

| 0 o • e e o • e

"_ 4 • • o • • • • •

..................... :---2-_ .................

S • • • • • • • e

, --...... /li_L _. -- _.IT - I I In Ill _ I Ill I 11If _ -

XI | • • • • • t • •

"" . tl i .l 4 I 8 7 i I 10

' ' • NODI8

.. - ........ X1

_ THIS GEOMETRY IS SPECIFIED BY THE STATEMENT
CARTESIAN 10 7

.,., . MAIN NODE

4

t

_ Figure 4-1. Nodes for all variables exQept velocity.
|._

_._ 4-51!

E



c
/

P

: : :l _ t I: :C 1: 1 _'"

l -- iii _L IIII I , *.

1: ) , C _ I: I, ,

_ _ ___ iP ...... 4 ** 4# f t 4 t '_

I 4 O ql T I 0 10

..... ' .... ' ' _--" ''--_ XI-DIRECTION

'e"

o ;..,.

X usvm_erryNool

'1_''....." L"; ^""; '
v lbb IP'_b dW'_ _ -

,,.. ,f, *:..

,-- × _,,IIJI : drllI _ 7 _fl"_1 I1' I)

Ii

t I 1 4 I l 7 O I 10

- : XI-DII_CTION

Figure 4-2. FORCE velocity nodes in a typical tvo-dimensLonal flov field.

4-52



ILILI'° 'o'°• ,5_itll_illll_ii 'ii i_

llLIL,LILISl_





+.

X1

"++ Figure 4-3. Gravity direction in Cartesian coordinates.



5.0 FORCE2 OUTPUT DESCRIPTION

5.1 OVERVIEW

.6

Files that are read or written by FORCE2 are listed in Table 4-1. This

section focuses on the printer output file (Unit #6) and the log file (Unit

: #20).

5.2 PRINTER OUTPUT (UNIT #6)

This file contains the following:

o A banner page with the program name, revision number and revision

date.

_ o A listing of the input data for the run. If it is not a restart run

and the pressure field is initialized based on minimum fluidization

conditions, the minimum fluldlzlng velocity (fluid velocity in area

available for gas flow, no.__tsuperficial velocity) and associated gas

: void fraction are displayed after the FLOFLAGS Paragraph heading.!

..... o A summary of the domain geometry and boundary condition types on the

....:: X2 and X3 boundaries. Detailed geometry output may be obtained by

the appropriate print command in the Geometry Paragraph.t--;,

b

o A summary of fluid properties.
t

.... o A listing of the distributed and user-deflned resistances.

i o A listing of the velocity, pressure, and void fraction residuals at

each iteration if the run is a steady slmulatlon.

o The field variables, identified in the Control Paragraph, are
|: ,,

=_: dlsplayed. This output is repeated at the specified problem times,

tlmesteps, or iterations based on the print control entered in the

,_ Control Paragraph. If print intervals are not specified, the

l
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selected field variables are printed only at the start (using the

INITIAL keyword) or end (using the FINAL keyword) of the run. --,

_J

o If the solution for void fraction during a transient simulation

diverges, execution of FORCE2 is stopped and the following message

wrlttenx

The Solution for Void Fraction is Diverging.
Reduce Timestep. Data to restart will be restored

Plane #, Node, VOIDS, VOIDG_ KPLN, N, Cs, Cg _L

Step #, Macro Iter, Micro Iter: NIT, ITRY ....
Operating Parameters Restored
Time, Step No.x T, NS _

V_

wherex

KPLN - nodal location on the Xl axis '-

N - node number in the X2-X3 plane ...

Cs,¢g - predicted gas and solids void fractions _
NIT - macro iteration number

ITRY - micro iteration number

During transient execution, operating conditions are saved every fifth i'"

timestep. If the solution for void fraction diverges, the last saved

conditions are restored, restat'ts written with these conditions, and FORCE2 ....

execution stopped. The parameters T and NS are the problem time and step

number at which conditions are restored.

5.3 LOG FILE (UNIT #20)

Some important solution parameters are listed on the log file. The _-

information will depend on the type of simulation as followsz ,;,
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'_ Steady Simulation

. The log file is arranged as follows

Iteration #: I
"I

Solids mass, X, gas in, gas out: S, P, WI, %/0

"_ where

._ I - Iteration number

, S - current solids Inventory (mass units or problem)

P - percent increase or decrease in sollds mass based on the Inventory

:: for the initial run, i.e.,

M-S
*: P - x I00

M- Initial inventory

,_.

Wt - total gas flow'rate entering the domain

Wo - total gas flow rate exiting the domain

'i; The gas flow rates will be equal at each iteration. Finally, the log

'_ file is printed at each MREADiteration where MREADis the read frequency

,_- parameter on the FORCE2 runtlme file (see Section 4.10).

Transient Simulation

The log file is arranged as follows:
_'_.

i. Line I : Time, Tot. Steps, TRYS: T, NS, NIT

,_- Line 2 : Max Resld, I, J, K: RM, +KPLN, J, K

_: Line 3 : Solids Mass, X, Gas In, Gas Out: S, P, Wi, Wo

Line 4 : Non-convergent Nodes: N
r__-_

_ Lines 5-10 (max): ITRYS, I, J, K, Max-R: IT, KPLN, J, K, R

r



where

T - problem time ',_

NS - problem ttmestep number

NIT - number of macro iterations _.
},.

,JJ

RM - absolute value of maximum gas residual _

±KPLN - nodal location along the Xl-axls. The sign indicates the

slgn of the residual

J,K - nodal locatlon along X2 and X3 axes :
"t^

S,P,VI,Vo - as defined above for the steady simulation. However, for ,_

the transient simulation, the gas flows are generally not ....

equal.

Lines 4,5,---10 will not appear if the mass convergence criteria is

achieved for all nodes. Otherwise, the following is displayed" "

N - number of nodes for which convergence was not achieved -

_.

IT - number of micro iterations required at this node on the last

macro iteration

KPLN,J,K - nodal location on the Xl, X2 and X3 axis
?

R - gas residual at the node ,

The gas residual, R, is defined as

...

[_' _(p'u) _(p,v) _ _] • _tR. L_-- _x -- 'ay - az - ,.,
i'

and "_

,.-
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R.- IRI

where

.. p' ffimacroscopic density

=_'Pg

= gas void fraction

: pg = gas microscopic density

u,v,v = gas velocities in x, y and z direction

•_ Z - volumetric gas source

t ffi time

,. x,y,z = coordinate directions

At = problem timestep

If the solution for void fraction diverges, the message noted above is also

written to the log file.

, ._

', 5-5

v:,



6.0 EXAMPLES

Two sample applications are provided to demonstrate FORCE2 and its post-

processor.

6.1 FLUFIX STANDARD PROBLEM

.... This sample problem has been used by Lyczkowskl (1986) to demonstrated

' the FLUFIX code. The problem statement below was taken directly from the

FLUFIX manual (Lyczkowskl, 1986).

The geometry of the sample problem given here for a fluldlzed bed is

shown in Figure 6-1. The computational region is 19.685 cm wide, 58.44 cm

high. The cell dimensions are _x - 0.635 cm and _y = 4.87 cm, so that the

number of computational cells is 31 in the x direction and 12 in the y

direction, for a total of 372. In the figure, the numbers in parentheses

, refer to key cell numbers (I,J). Symmetry about the central Jet is assumed;

hence the actual bed width is 39.37 cm. (In previous modeling work without an

obstacle, symmetry was assumed and the agreement with experimental data was

good.) The Jet half-width is 0.635 cm (one cell width). The Jet velocity is

578 cm/s, and the secondary air velocity of 26.0 cm/s maintains the bed

without a Jet at minimum fluldizatlon. The particle diameter is 503 _m, and

the density is 2.44 g/cm 3. The obstacle is placed two nodes above the Jet and

.... is two nodes (1.27 cm) wide by two nodes (9.74 cm) high. Because the initial

bed height is 29.22 cm (six cells high), the obstacle lies completely within

the bed.

The boundary and initial conditions are next described. At the inlet (J
..

- 2), the axial gas velocity of 26.0 cm/s is set equal to the minimum

fluidlzatlon superficial velocity as computed from the Ergun equation (with

solids velocity set to zero), using an assumed gas volume fraction at minimum

.... fluidization of 0.42. Because no solids are entering, the inlet porosity is

set to 1.0. The pressures in the dummy cells at the top (J = 14) are set

equal to atmospheric pressure (1.013 x 105 Pa), and Vs = 0 at the exit

(J = 13); that is, wire mesh is simulated to prevent solids carryover. The

pressures in the bottom row of dummy cells (J = I) are set equal to
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atmospheric pressure plus 1.2 times the total bed weight (1.0549 x 105 Pa). _i

On all solid surfaces except the inlet, outlet, and line of symmetry, no-slip

boundary conditions are used (i • , normal and tangential velocities for each _

phase are set equal to zero). Free-slip boundary conditions are used along

the line of symmetry and at the inlet and outlet. Initially, the radial gas _:

velocity is zero, the axial gas velocity is equal to the interstitial gas

velocity at minimum fluidizatlon, and the solids radial and axial velocities .'-

are zero. The bed porosity is uniform at 0.42. The tnttial pressure _.

distribution corresponds to the hydrostatic bed height. At time, t, greater _,

than zero (0+), the gas flow through the Jet is increased to 578 cm/s. A

fixed timestep of 0.I ms is used.

6.1.1 FORCE2 Input Data

The geometry arrangement used in the FORCE2 model is shown in Figure _

6-2. The input data for the initial and restart runs is given in Appendix B. ,.

6.1.2 Running FORCE2i
y-

Two FORCE2 transient runs were made for this sample problems an initial

run of 10 timesteps followed by a restart run of 40 timesteps. In the restart _

run, time data was stored for subsequent plotting with the post-processor.

The output listing and log file for the initial run are given in Appendix B.

6.1.3 Running the Post-Processor

FORCE2 predictions after the restart run are displayed with the post- "

processor. The field variable and time data files were calleds "

Field Dataz p33x14.ppf

Time Data_ p33x14.ppt

_E

The boundary data file is given in Appendix B. ,

The post-processor instructions (session file) in Table 6-I will create :_

the geometry, gas vector, pressure contour and void/time plots given in _-

6-2
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Figures 6-3 through 6-6 based on the field data at the end of the run. Note

that the symbol <CR> has been added to the session file in Table 6-1 to

• indicate that the default value was chosen. This symbol does not appear in

the session file written by the post-processor.

+i

6.2 CAPTF-3D BUNDLE
.ii

?: As part of a Joint Government-industry research program (Hera1 Wastage

in Fluidized Bed Combustion) to better understand erosion in fluidized beds,

an air-fluidized bed with five tubes was tested in the computer-aided particle

_' tracking facility (CAPTF) at the University of Xllinois (private

communications, 1990). A transient simulation of tests conducted on this 3-D

bundle was performed with FORCE2. The FORCB2 model and transient runs are

outlined below.

" Salient features of the bed and tube bundle are depicted in Figure 6-7.

The bed is 12 inches vide and 12 inches deep with a static height of 16

inches. The bundle consists of three whole tubes and two half tubes mounted

on the side walls. Additional features and operating conditions are tabulated

in Table 6-2.

Table 5-2

•_ PARAHETERSFOR THE 3-D CAPTF BUNDLE TEST

• !:
Parameter Value

Mean particle diameter .0513 cm

Particle density 2.49 G/cc

.... Tube OD 5.08 cm
4

Fluidizing velocity (superficial) 52 cm/s

Approximate minimum fluldizing velocity 27 cm/s
( super f i cial )

"" Static bed height 40.64 cm
_

Gas void fraction at minimum fluidizing .404
_ condition (estimated)
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6.2.1 FORCE2 Input Data

Important features of the FORCE2 model geometry are shown in Figure 6-8. i_

The input data for the initial and restart runs is given in Appendix C. Some

important characteristics of the model Includez _:i

o Three-Dimensional - Three active cells are used to model the full bed _,_
i

depth (X3-direction). Approximately 1134 active control volumes make

up the model.

o Windbox and Distributor Plate - The windbox and distributor plate are

modeled with different length control volumes and the FORCE2 _..

distributed resistance and permeability/porosity options. For the

windbox, a user-defined resistance function was used to implement V"

Ergun's equation for pressure drop (the vindbox is a packed bed of _

spheres). For the distributor plate, small permeabilities in the X2 _

and X3 directions along with large distributed loss factor were ;_

specified to prevent gas flow in these directions. The size (in the

Xl-dtrection) of the distributor plate was chosen to be approximately _

equal to the length of the lower nodes in the bundle (2.54 cm) based

on gas residence time/required ttmestep considerations. If the plate _,_
nodes were the same length as the actual plate (.635 cm), the problem

timestep would probably be controlled by the plate nodes based on the ....

material Courant condition. Because the model includes the windbox ..

and distributor plate, the air flow distribution to the bed is

calculated by FORCE2, not specified as an in-flow boundary condition.
be-

o Variable Length Nodes Above the Bed i the Xl-Direction - This FORCE2

feature is used to reduce model size by eliminating nodes in the area -"

above the bed. _

o Tubes Modeled with Blocked Cells

o Pressure Field Initialization - The pressure field is initialized

based on calculated minimum fluldlzlng conditions. I
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o Combined No-Sllp/Partial-Sllp Boundary Conditions at the Walls and

Tube - No-slip boundary conditions for the gas phase and partial-sllp

conditions for the sollds phase are applied at all solid surfaces

(walls and tubes)•

'i 6.2 2 Running FORCE2

_, A series of transient runs were made using the restart feature. The

' approach taken was as follovst

._ o 0.0 - .7 Secs The gas In-flow velocity was maintained at the

,;_ minimum fluidizing condition. This initial phase

of the simulation results in some solids motion,
o

particularly around the tubes.

o .7 - 1.5 Sec' The gas in-flow velocity was increased from 27

": cm/sec to the final operating value of 52 cm/sec

,'_,_ in three restarts over this time period.

,i o 1.5 - 2.0 Sect The gas in-flow velocity was maintained at the
final value.

,

o 2.0 - 3,067 Sect The gas in-flow velocity was maintained at the

'" final value and pressure predictions tabulated for

',, comparison to test data.

o 3.067 - 3.070 Sect Sample run for this document.

i_ 6.2.3 Running the Post-Processor

r_ FORCE2 predictions at 3.070 seconds as veil as selected operating

-_ conditions over the time span from 3.067 to 3.07 seconds are displayed with

,_ the post-processor. The field variable and time data files were called

Field Varlablesz captf.ppf

Time Datat captf,ppt
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The boundary data file for this problem is given in Appendix C. _

The post-processor instructions (session file) in Table 6-3 will create _

the vector, pressure profile, and pressure vs time plots shown in Figures 6-9,

6-10, and 6-11, respectively. The sysbol <CI_ has been added to the session

i

file shown in Table 6-3 to indicate that the default value was chosen. This

syIbol doe s not appear in the session file written by the post-processor. _
r:

Wl

_'o
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Table 6-1

POST-PROCESSORCOMMANDSTO CREATETHE PLOTSFOR THE
" STANDARD FLUFIX PROBLEM (FIGURES 6-3, 6-4, 6-5 AND 6-6)

2501
<CR>
<CR>
p33x14, ppf

-_ 10-50 Tim_steps
p33x14, ppt

' <CR>
<CR>
Standard FLUFIX Problem

:" <CR>
N

<CR>
<CR>

• <CR>
Data After 50 Timesteps
U
<CR>
<CR>

.. <CR>
.17
<CR>
V
<CR>
<CR>
<CR>

_ <CR>
<CR>

" 200
-: <CR>

C
_: <CR>

<CR>
<CR>

•. <CR>
4

'_ <CR>
P
<CR>
<CR>
<CR>

_. <CR>
• <CR>

<CR>
-_, T
• .001J

<CR>
1
<CR>

' E

6-7



Table 6-3

POST-PROCESSORCOMMANDS TO CREATE THE PLOTS FOR THE CAPTF _.
3-D BUNDLE PROBLEM (FIGURES6-9, 6-10 AND 6-11) ' _

2501

<CR> _
<CR> _
captf, ppf
30670-30700 Timesteps
capt f. ppt _':_
<CR> _"
<CR>
CAPTF 3-D Bundle Problem _c
Data After 30700 Timesteps ,_
N
3. 07000
<CR> ,_
<CR> _"
<CR> _
Data After 30700 Timesteps _
V ""

3
3 "_"

<CR> _,.
<CR>
<CR> ."
.I
<CR>

300 _.
<CR>
p _o.

<CR>
_ _

<CR> LI
<CR>
3,9 .
p
<CR> _'
T
3.067
3.07
6
<CR> _
E

,.,_.

.-,.

.,w-

e.:

t
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Figure 6-I. FLUFIX sample problem geometry.
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Figure 6-2. FORCB2 sample problem geometry.
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7. DETAILED USER'S REFERENCE

7.1 OVERVIEW

This section contains a detailed user's reference for running FORCE2 and

r! the post-processor. Command procedures for executing both programs on a Sun

4/260 super-workstatlon and VAXare provided. FORCE2 writes two binary files

(field data and time data files) that are used by the post-processor. FORCE2

'=_ also writes binary files for restarting a run and for developing input to the

- ANL erosion model. FORCE2 output includes tabular data for selected operating

conditions.
i

' The post-processor converts FORCE2 output into graphical form (as plots

on a graphics termlnal or printer input that can be used to create hardcopy

plots).

:" 7•2 EXECUTING FORCE2

.... 7.2.1 Running FORCE2

The communication between FORCE2 and its files is depicted in Figure

i_ 7-1. The Input Data File and Input Restart File are read by FORCE2. All the

others, with the exception of the Runtise File, are written by the program.

i,_ Information is both read from and written to the Runtime File.
L,

The input data file is the primary channel of communication between

FORCE2 and the user. All information contained in the input data file is

stored on the output restart file after the first run is made. Therefore, the

data contained in the input data file should only be specified for the first
run. Restart runs only require restart statement, flow paragraph and control

paragraph.

Restarts are accompllshed using the input restart file, which is created

as the output restart file on the first run. It is then reassigned and
becomes the input restart file on the next restart run.

F

L 7-1
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The FORCE2 output listing contains an echo printout of the input data :_-

file. It also redlsplays the input data and other defaults after the input

data file is processed and contains a printout of" _:

o blocked cells and cell faces
L

o cell-by-cell initial conditions and boundary conditions

o residuals of all equations after each iteration when performing a

steady run . L

o cell-by-cell results for each field variable ,

Two binary files are written fo F the graphical post-processor. One
..

contains all the field variables at specified times during a transient or at

specified iterations during a steady run. The other contains field variables

at specified locations in the domain at selected times during a transient. _

This second file is written only during a transient simulation. The :.

predictions on both files are converted to graphical output by the post-
s

processor. The times, timesteps, or iterations at which data is written to _[

these files are specified in the FORCE2 input data file.

The erosion model data file contains hydrodynamic predictions

(velocities, void fractions, and pressure) throughout the flow field at

specified times during a transient simulation. This data can be used to =

develop hydrodynamic input for the ANL erosion model. _

The log file is an ASCII file that is written periodically during both

transient and steady simulations. It contains gas mass residuals (transient

solution) or solids inventory (steady solution) that is used to monitor the

solution, r.
ii

The runtime file can be used to control execution of FORCE2. It is
1

optional. Information is read from and written to this file. It can be _

edited during the run to stop execution of FORCE2.



Table 7-1

.... FORCE2 FILES AND ASSOCIATED FORTRAN LOGICAL UNITS

_ Fortran Logical
FORCE2 Flle Unit , ,,,,

.: Input Data 5

Input Restart 1

• Output Restart 2

"_ Output Listing 6

' Post-Processor
Field Variables 69
Time Data 70

Erosion Model Data 71

Runtlme 11

.. Log 20

The Fortran units assigned to each of these files are listed in Table

:" 7-1.
,J

-:,. Command procedures for executing the program on a Sun 4/260 and VAX are

given in Appendix A. These procedures make the appropriate ftle assignments

and run FORCE2. They provide an outline for procedures that may be needed for

other computer systems.

7.2.2 Restarts

-: A flow problem is continued using restart data files created by FORCE2

....... at the end of the last run. If the run is a restart, FORCE2 reads the data

from the restart data file and subsequently reads the input data file.

Therefore, any problem updates in the input file overwrite the restart data.

When the continued run is finished, FORCE2 makes a new restart file. A

restart file contains

o problem description data organized on the file according to FORCE2input paragraphs

f--!
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//

o field variables such as velocity, pressure, void fraction {

Once a problem has been set-up and checked, only a small amount of data "

is required for restarts. Typically, a RESTARTstatement, flow paragraph and

control paragraph are required as shown below. -

$ T.vpical FORCE2 Restart File _°
$
RESTART SAVE _-_
TITLE Standard FLUFIX Prob].em _

Ce

FLOW
TRANSIENT _....

$ End of FLOW Paragr,aph

CONTROL
MAXIMUM TIMESTEPS 20
S '7"

$ Print Out Control

PRINT FINAL UIG
PRII.IT FINAL UIS
PRINT FINAL U2G
PRINT FrNAL U2S
PRINT FINAL VFRG '_'

$ End of CONTROL Paragraph
17'

L.

This Input file is used to continue a transient simulation. The RESTART

SAVEstatements control the run by restarting it and saving the results in the

output restart file. The transient mode is specified by the statement

TRANSIENTin the FLOWparagraph. This statement is optional because the -"

execution mode (transient or steady) isincluded in the restart file. The :

maximum number of problem timesteps is specified in the CONTROLparagraph _

along with the variables to be printed in the FORCE2output listing.
!



-o

7.3 POST-PROCESSOR

7.3.1 Overview

The post-processor is a FORTRAN program capable of producing a variety

of plots from 3-dimenslonal FORCE2 calculations.Inputfrom the FORCE2 post-
._

processor files and interactive user input is used by the post-processor to

_ define the graphics output. The program produces output Interactlvely on a

graphics display terminal or writes graphical output for a variety of hardcopy

plotting devices. A general diagram of the post-processor showing the input

and output is presented in Figure 7-2.

The basic plots that can be generated by the post-processor arez

o Geometry including control volumes

_ o Contour plots

o Profile plots

o Velocity vector plots

o Streamllnes in 2-D applications.

o Variable vs time plots in transient applications

For three-dlmensional geometries, plots can be made in any of the three

principal directions including reverse views of these principal directions.

Figure 7-3 presents an overview of the post-processor structure shoving the

i initial data input phase followed by the main menu and possible plot types.

An example of a post-processor plot is shown in Figure 7-4 with the

major sections of the plot labeled.

- PROGRAM CONVENTIONS

During interactive input the program displays information from the

FORCE2 data to allow the user to better answer the program request.

This information can consist of data ranges, suggested responses and

default responses. The conventions used to display these are shown

below.
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q
, A user response is expected ,.I

( ) Suggested or possible user responses are shown inside the

parentheses
[ ] Default responses are shown in brackets and are normally

shown with the prompt. The default is chosen by pressing
..J

the <RETUrn> key only (abbreviated as <cr>).

many prompts alloy more than one selection or entry! in this case,
p

the program expects entries to be separated by commas. In all cases

the program will accept a single entry.

Other prompts expect a range of input such as the node range

selection. The user may define a range of nodes by preceding the _:

second entry of a pair with a dash (minus) sign. For example, to ....

select node ranges from 2 through 15 and also 20 through 29, the user _.I

would respond as shown below:
le-

A.,

Select node range for Xl Axis (1,-30) [l_-30]z 2, -15, 20, -29

The menu options for the different plot types are usually toggle "

inputs: selecting the numbered item, switches the selection from YES ,.._

to N0 or vice versa. Options other than YES or NO are possible for _

some menu items. Consider a portion of the contour menu shown below.

Contour options

3. Plot labels [YES] ....

4. Contour labels [NO] _'

5. Contour lines : _

Straight or Curved [STR] _.

Rnter option or _ to ends

Note that the plot labels will be plotted, the contour labels will

not be plotted and contour lines are straight If the menu option 4 _.

is entered, the contour labels wili be selected for plotting and the

menu redisplayed. Entering a <RETURN> will end the menu input and ,.

will prompt for the next input following the menu. ,_



In one menu item of the profile menut options for multlple plots are

i chosen from a second menu.

At any time during the input phase the user can interrupt the

program, cancellng the previous input by hitting a "Z (holding the

Control key while pressing the Z key). Usually the user interrupt

function returns you to the main plot selection menu.

Vhen plotting data on an interactive graphics terminal, the program

....' expects the <RETURN>key to be pressed to continue on to the next

graph.

_L_'UALCOWgh'rlONS

Major headings or selections are shown in bold print. Information

= displayed by the program and examples of user responses are shown in

small bold print.

7.3.2 Running the P.ost-Pr0ce.ssor

The method of running the post-processor vili depend on user preferences

and computer system. The approach described here is used by B&Wto run on a

Sun 4/260 super-workstation. It is not the only way of executing the program.

However, it is recommended that the B&Wapproach be adopted and modified for

.... the user's particular computer system.

, ,,,,

The post-processor is best run using an interactive command procedure.

The procedure sets up the files to be read and/or written by the processor and

then runs the post-processor program. The command procedure (shellscript)

" listed in Table A-4 of Appendix A is used by B&V.

-_ Graphical output that is used to make hardcopy plots can be developed in

one of the following ways;



ZnteractiveSequence ,..

The post-processor is used to interactively display problem geometry,

FORCE2predictions, etc., on a graphics terminal. In this mode, an

interactive graphics terminal (such as a Tektronix 40i4) is selected as

the GKS device in the GKS menu. Bach time the post-processor is run in

this interactive mode, a session file is created that contains a list of ,-

all user entries. After the user has displayed the desired plots at his

terminal, the appropriate GKS plotting device and output file name are

added to the associated session file. This modified session file is

then used to run the post-processor. This final step generates a

graphics file that will produce hardcopy plots on the chosen GKS device.

NOn_InteractlveSequence

The post-processor is run from a non-graphics terminal. In this

mode, a plotting device is selected in the GKS menu. The post-processor

creates a graphic file that will produce hardcopy plots on the chosen

device. The only difference between this mode and the Interactive

Sequence, described abovet is that the plots are not displayed on the

terminal (the post-processor output device is a plotter).

The command procedure used by B&Wto execute the program is given in

Table A-4 of Appendix A. This unix script defines the files that vii1 be read

by the program. The logical names for these files are listed in Table 7-2

along with whether the file is optional or required to execute the program.

Finally, the data used to develop profile plots will be written on Fortran

Unit 12 with the name PP_FLOTOUTif the file output option is requested. This

feature allows the user to port the profile data to other plotting software if

desired.

t
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Table 7-2

_' LOGICAL FILE NAMES FOR THE FILES

..... READ BY THE POST-PROCESSOR

_._

Lozi a!,.,.,F!leName Fi Requirunt

.. PPF Field variable data Binary R*
written by FORCE2 on
FORTRANUnit #69

'" PPT Variable vs time data Binary O*
,. vritten by FORCE2 on

FORTRANUnit #70

CONVUNIT Unit conversion data file ASCII R

PP BOUND1 Geometry data file ASCII O

PP SESSION Session file ASCII O

._ *R = Required! 0 = Optional
i

The session file (PP SESSION) convention should be noted. If a session

file exists, the post-processor viii use it. Othervise, a session file is

created. Consequently, for interactive operation of the progran, there should

' be no session files present.

7.3.3 _nput Phau

The program uses data files for unit conversion, boundaries of the
I ....

geometry, and FORCE2 predictions. The program saves the user's input in a

session file for later use. With B&W's approach, the command procedure

[_ establishes default file names for the post-processor and then runs theprocessor. This initial step is not absolutely necessary because the post-

processor also prompts the user for the FORCE2file names.

GKS MESU
f_

t,

The post-processor is a FORTRANprogram that creates graphical output

!'_ for a variety of devices using files written by FORCE2. The type of

Ii 7-9
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device is listed in the GKSHenu. The request, with available _
t_4

options, is shown below.
m

eqe

.... ']KS DEVICE SELECTION .... _'
<Enter> User defined workstation

r
2501 4014 TEKTRONIX Terminal
8100 4107 TEKTRONIX Terminal
10300 CGM Metallic, Clear Text.
1103 HP 7475 plotter (size A) '"
1325 HI'La_erJet, Portrait (150 dpi)
1328 HPLa_erJet, Landscape (]50 dpi)
1_)00 PostScript, Portrait L'8.Bx11.0)
1.901 PostScript. Landscap_ (8.5xii.0)
5300 Suntools device, crev

Enter devi,:e ty_e: .'

This menu may have to be modified or extended, depending on the

user's GK8 package and plotting hardvare. This menu is displayed in
subroutine DEVICE.

The post-processor has been optimised to work vlth the 4014 terminal _

(2501) and the postscript, landscape printer (1901). Other devices may L

function but do not necessarily present the graphical output accurately. A

list of addi_lonal, user-deflned, devices supported by the post-processor can

be found in the Grafpak's GKS drlvers' documentation.

Non-lnteractlve output is normally written to a file and then printed

after the post-processor session is complete. The filenau is requested after i

a non-lnteractive device type is entered. If the filename does not have an '_,

extension, then an extension is provided by the post-processor. The

extensions provided are dependent upon the device type and are listed below. u

7-10 _.



10300 cgm 1325 hpO 1900 psO
1103 hp6 1328 hpl 1901 pal

UNITS C_)MVI_XON

requests the name of a file containing the variable unit name and

units conversion coefficients. The prompt for this filename follower

IMlter muse of unit conversion file [C(MVIMXT.DAT]t

If a file vith the name CORVUNXT.DATexists, depress the _RBTUR_

key. Any unit conversion file can be assigned with the system

logical name 'CONVUNIT' and the default viii be valid,

._. A sample of a unit conversion file, CORVUNIT.DAT,is shown in Figure

7-5 containing the PORCI_2variables and their default unit names.

Aside from the FORCB2variable names in the file, three other names

are defined. These aret

GEOM- geometry units used to define X1, X2t X3 locations

MFLX- mass flux vector (units name only)

, STP_ - streamline (units name only)

Note that the first line of the units conversion file is not used by

" the program.

-, The user must respond to the commandt
,

. Update unit conversion data (T or N) [N]T8 T

This command viii change esther the unit conversion coefficients, the

unit pame or may add a new unit name to the conversion file. This

may be done tnteractively while _unntng the post-processor.

, When this prompt is answered with a Y, then the following prompt

..... appears,

• 7-II
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Enter variable nasa to be ehanpd, <P.BTUR_ for flat, ._i

to add variable, or _ to finish s ..,
(

Zf a <RETURN>is entered, then the follovlng llst of variables Is

displayed. "_I

Nee Unit *** A *** *** B *** Nasa Unit *** A *** *** B *** -
UIG CHinO 1.OOB+O0 O.OOB+O0 VlmG 1.0011+00 O.0011+00 _
UlS ON/RO 1.OOl+O0 O.OOil+O0 Vnt8 1. OOil+O0 O.O01+O0 ;_
U20 ON/8|C 1.00ii+00 0.0011+00 U0_ G/ON**3 1.00ii+00 0.OOl+00
U2S ON/SIlO 1.0Oil+00 0.00ii+00 HOE G/ON**3 1.00ii+00 0.00ll+O0 "+
U3G ON/8IIC 1.00ii+00 O.OOil+O0 GIION 014 1,00ii+00 0.OOB+00 ..
U38 ON/SIlO 1.00ii+00 0.00B+00 813)i G/ON/SBC 1.00B+00 0.0011+00
P D1M/ON*_2 1.00ii+00 0.00ii+00 TZI_ SiCOND 1.00R+00 0. OOB+00 -

s;

Enter varlable use to be changed, <return> for list,
to add variable, or END to finish s

writ

i.

To update a variable the user enters the name of the variable and

replies to the subsequent prompts. Changtnf the geometric units, ,._
from centimeters to inches, is shorn bslov, _

Enter unit description for QON [ON] s in .:

Enter eonvsrslon factor A, (A,value.B) [l.OOOil+O0]t .394
rv'

Enter conversion factor B, (A, value+B) [1.000ii+O0]s _._
Enter variable nasa to be ehanlled, <RITUBN> for list,

to add variable, or DID to finish, END v

Unit conversion coefficients are applied to a varlablo _ accordlnK to

the equations L

4_ev units " A • _old units + B '_
t_

vhsre A and B are coefficients read from the units conversion file.

GIOH unit conversion applies to the follovlng geometrt_ dataz _"

X1, X2 and X3 location, and

the geometry boundary data.

L
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RS$ION _LE

A session file Is created each tim the user Interactively runs the

post-processor end contains a llst of all user entrles. This file

can be used to rerun a prevlously-deflned set of plots by asslsrtinlr

- it the iogical name PP..SBSSZONa_d rerunnins the post-processor.

shoul dbe noted that if a sUslon f!!eexists_vith the nu.e-

. _PSBSSION_ thepost-processgr villuseit. To develop hard copies

of the plots, the session file is aodified by i) chanstns the GKS

output device (from a zraphlcs tsralnal to a hard copy plottit_

' device) on the first line of the file and ii) addins the output file
name after the GKS device selection. Session files that vsre

developed durins interactive operation o! the post-processor (GKS

output device 2501, a 4014 Tektronix Terminal) and subsequently

modified to produce a file for printing on the postscript, landscape

printer (GKS output device 1901, PostScript, Landscape) are shovn

bolov. The post-processor yam run vith the modified session file to

create the postscript file, p33x14.psl.

INITIAL SESSION FILE MODIFIED SESSION FILE
ml

•- 2501 , 1901
p33x 14

,_ p33_ 14.ppf
Standard Problem p33x14, ppf
p33:_14.ppt St,andard Problem

p33xl 4.ppt

Plot Title #I i
"" Plot Title @2 I Plot Title #I
,._ g _ Plot Title #2

g
I

.. • 2

e
- •
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FORCg2 POST-PROCESSOR FILES ,_.

Two files containing the hydrodynamic predictions for the post-

processors are written by FORCE2 (written to FORTRANUnits 69 and ?0,
e"

see Table 4-1). Up to three sets of files can be accessed by the

program simultaneously. The program prompts the user for the name of i.

the file containing the field variables. _"

hter ftl_a of FORCE2 data [PPF] s ....

The program also prompts the user for the title for the data file and

prints it on the graphics output.

Enter data file identification (16 chars.) s '

The program also prompts the user for the name of the file containing _

the time data (variable vs time).

Enter FORCE2 ties data file name [<Enter> = none] :

If a time data file has not been created, enter a carriage return and _

execution viii continue. ..

When reading the field data, the program will display the number of

FORCE2 variable data items as they are read.

When more than one field data file is used, a second file can be read

by answering the next prompt with a "Y". In this case the restart

prompts will be displayed for the second file. A maximum of three _

sets of restart data can be used during a session. These files must

be FORCE2 runs with the same type of geometry, i.e., all 2-D _,

Cartesian, etc.

BOUNDARYDATA

The boundaries and other key features of the geometry can be defined

in a geometry data file. It contains the selected views and should

7-14



"- be named or assigned the logical name, PP BOUND1. A description of

_ the data file follows.

,_ BOI_DARY DATA FILE The boundary data file consists of two major

parts. The first defines the view and the amount of boundary data,

ii while the second defines the geometry for each plane or group of

planes in the selected view. The geometry within a specific plane is

described as one or more continuous sections consisting of straight

._ lines between defined vertices.

o._

_ The vertices of a segment are normally defined in a clockwise

direction. The definition of a vertex consists of a boundary type

and the X and Y coordinates. The boundary types available are shown
" in the table below.

_ Code Line Type Purpose

_:;

_! 1 Boundary line Normal boundary

2 No llne Inlet

,._ 3 No Line Outlet

_ 4 Dash-dot Symmetry line

-_ 0 Solid line Special

-_ 5-10 Zeta llne types #4 to #9 Special

:j A venturl geometry and the data file are shown in Figure 7-6. The

coordinates of the points are tabulated in Table 7-3. For this

example the geometry is divided into two sectlons_ section I defines

'_ the venturi while section 2 defines the flow restriction.

_ The first llne consists of four values on a single llne deflning_

_-_
'_ I) the vlev direction

i.... pl_ : I - X2-X3 ane
t_

2 - X1-X3 plane

[?_ 3 - Xl-X2 plane
k..
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2) The number of planes or group of planes for which unique "

boundaries are defined.

3) The maximum number of sections within any group.
i,

4) The maximum number of vertex pairs with any section.
,r
?

The next group of data consists of lines defining a single section of

geometry. The first four entries define

_o

I) The beginning plane for this section

2) The ending plane for thls section. For 2-D geometries both

I) and 2) would be equal to I. _

o .

_r
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:; Table 7-3

_i COORDINATES OF POINTS IN VENTURI GEOMETRY (FIGURE 7-6)

• Point Xl X2 .
,_i i , ,

1 0.0 0.0

_: 2 0.0 O.0508

3 0.0525 0.0508

,_ 4 0.1057 O.0325

:_ 5 0.1271 0.0316

_' 6 O.3085 O.0508
;!

:_ 7 0.4572 0.0508

8 0.4572 0.0

...._ 9 0.0 0.0

10 0.1033 0.0

.', 11 0.1031 0.01017

12 0.1312 O.0098

"_ 13 O.3036 O.0

_':' 14 O.1033 0.0

:!i 3) The section number, usually numbered consecutlvely from one.

4) The number of vertex pair entries.
/

The boundary is defined by llne segments, described by the boundary
,}?

_., type and the X and Y vertices of the segment.

__ Boundary data files for the two sample problems (see Section 6.0) are
given in Appendix B.

.,

_' LOGO AND TITLES

._ Each plot contains a 2-line title and logo placed in the lower right

corner (three lines of text consisting of analysis code name
,! (FORCE2), the company o_ division name and the current date). The

user Is prompted to enter the Company or Division name (25 characters

,; maximum) and the two title lines as follows:

'_'7.
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Enter Division Name [BABCOCK& WILCOX] z

Enter plot title tl (40 chars) :

t2 (40 chars) :

Titles should be entered in capital letters (for graphics terminal

display). _i_

7.3.4 Main Menu

=.

The main plotting menu allows selection of the field data to be plotted i_'
and the desired plot type.

Main Plotting Menu _.

B End (Teratnate) Program -_

P Profiles 'a

N New Data Set
_,,.

G Geometry _.

C Contours

V Velocity Vectors _:
T Variable vs Tile _

S Streamlines _'i

U Update Units _

Enter Selection :

The streanitne option will appear only for 2-D problems,

7.3.4.1 General Input. The view, case, range and scale selections for

plots are discussed first. A description for each plot type (profile, _

geometry, etc.) listed in the main plotting menu follows.'

applies to all but axisymmetric plots. The user must select the view

containing the information to be plotted. A view is defined by its

axis labels (i.e., Xl-X2), as shown here. ,_,
i,
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Select view

1. View of X2-X3 Plane

2. View of XI-X3 Plane

3. View of Xl-X2 Plane

Enter selection [3] s

CASE

selects one or more field variable data files to plot. This menu is

. no._.ttdisplayed when only one file is read.

Restart Cases
C

1. CASE 1
• 2. CASE 2

' Bnter Selections (l, 2) [1, 2] s
_.,

RA_B

The range input specifies the plane along the view direction and the

range of data. For each case that is entered the user chooses the

" plane number. Up to 20 individual planes may be entered at this

time. Separate plots viii be made for each entry unless the profile

_ plot option is chosen. For that option, multiple plane entries viii

_ usually be plotted on the same graph (see the profile plot option).
The program may display the previous entries as the default.0,

Restart case |1 - TEST CASB

-/ View of Xl-X2 Plane

_" Select Plane Locations on 113 Axis (20 max)

X3 Axis Nodes 5, Length 0.00 to 0.10

_ Bnter Node Nmaber(s) z 3
t

The user is also prompted for the range of data that applies to each

of the axes in the selected view. Default values are listed and the
.,J

user is referred to the section on program conventions.
7,
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Rnter grid (node) range _

' Select node range for Xl AXIS (1, -12) [ 1, -12]t
Select node range for X2 AXIS (1, -6) [ 1, -6Is _l

is required for all plots except profil_ plots. The program will _
prompt the user as followsz

DRestart case |I_TEST CASB '

Geometry data for Xl AXIS and Y_ AXIS

Nodes - 12 6

Length (min) . 0.00 0.00 _'}

(nax) - 1.00 0.10 _
Default scale - 8.75 62.50

Rnter Scale Factor (inches of paper/unit of length)

n [ ..7s],
!

][2 AXIS [ 62.50]s
,_.

The actual size of the plot is a function of the scale factors

entered and the geometry. The user enters the number of nodes and _i

length for each axes and a suggested scale factor to plot the data on _1

the graphics display or with the Zeta plotter on 8-1/2 x 11 paper.

The prompt vilI include the suggested or the previously entered _

scaling factor.
_'_

7.3.4.2 Profiles. Profiles are selected with the response, P, and

permit creation of X-Y plots for selected FORCE2results. Figure 7-7 shows an _
example of a profile plot identifying portions of the plot specific to profile

plots. One or sore curves can be drawn per plot. An additional curve can

representz _"_

o New dependent variable data (variable) _._.F"

• o Dependent variable data from a second restart file (case) _/
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o Plane - dependent variable data from another Iocatlon along the axis

normal to the view (plane)

o Dependent variable data from another location along the axis

perpendlcular to and in the plane of the abscissa, X axis (elevatlon)

Separate plots can be made with one of the four items listed above.

..... The last option creates a file containing profile plot data.

Profile plot options

1. Plot legend [mS ]

2. Plot symbols [YES ]

3. Multiple plots [NONE ]

4. User size [NO ]

•_ 5. Pile output [NO ]

.- hter option or _RETURIOto end s

Pressing <RETURN>will plot the selected profile after the required
information is entered.

ABSCISSA SELECTIONS

enable the user to choose the abscissa, Xt of the selected view.

Enter Abscissa for X axis

1. Xl AXIS

2. X2 AXIS

" Select Axis [ 1] t

.... The abscissa is selected prior to selection of the grid (node) range,

.. which deflnes: I) the range of the abscissa and 2) the location(s)

along the ordinate for which dependent variable data will be plotted.

Multiple entries or a range of nodes will create a separate curve on

the same plot for each entry. The prompts are repeated with example

input demonstratingusage of the entire Xl-axls and selection of node

" locations 3 and 5.
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Rnter grid (node) rsnge

Select node range for Xl AXIS (1, -12) [ 1, -12]s 1, -12 _

Select node range for ][2 AXIS (1, -6) [ 1, -6Jr 3, 5 _

PROFILEVARIABLESBLE_ION ,.

names the dependent variable data to be plotted. A llst of the

variable names can be displayed by typing a <RETURN>. Zf more than

one variable is entered, a separate curve on the same plot wlll be

created for each entry.

The llst of variable descriptions and names (prompts) is shown below.

Variable name entries must be in capital letters.

Name Description Hame Description Name Deecrlpt.i ,',n "
UIG XI c]AS VEL. USG X8 GAS VEL. VFRS SOLDIS VOID F_'.A
UIS XI SOLIDS VEL. USS X8 SOLIDS VEL. RHOG GAS MACRO DEN

_(.)LIDSMACRO DE _oU2G X2 GAS VEL. P PRESSURE P_[O:?, "'"
[)_S Z,2 _,OLID_ VEL. VFRG GAS VOID FRA(_T

Ente,' Data Names, (I0 Max) <OR> for llst : ,.

PROFILE PLOTLEGEND -_

allows the user to determine if the profile legend is to be displayed .

on the plot. The legend is shown in Figure 7-7. The default is YES

and plots the legend. Entering a 1 vlll toggle the default to NO.

PROFILE PLOTSYXBOLS "_
t

can be turned-on or -off with this option. Identifying symbols _

plotted on each curve are shown in Figure 7-7. The default is YES

and plots symbols. Entering a 2 will toggle the default to NO.
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MULTIPLEPROFILE PLOTS

are created from the multiple plot menu shown belov:

Multiple Plot Menu

i. C_me

2. Plane

-" 3. Elevation

4. Variable

.. 5. None

' hter option [31 :

The profile option produces a single plot containing a line for each

" case, plane, elevation and variable selected. Hultiple plots can be

made for each entry of the selected item; case, plane, elevation or

variable. For example, if multiple data names are entered and option

.. 4 is selected, separate plots rill be created for each variable

inputs the same X and Y scale range is used for all plots.

Notes e!evation indicates entries at node locations along the

ordinate axis in the se_-ected plane and view.

'_ Note: some combinations of menu selections vlll not completely label

. the plotted llnes. This problem occurs vhen a slngle but different _

plane is selected for multiple cases.

PROFILE SIZE SELECTION
.4

"" permits control of the length of the X and Y axis, and the Y axis

._ range and the title. When option 4, USER SIZE, is selected, the user

. is asked to enter lengths, ranges and a title as shorn belov. These

prompts are displayed after the plot options menu is complete.
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User input _is specifications ,,

bter Z-Axis Length [ 7.$O] t ..

hter Y-Axis Length [ 5.00] t

hter Y-Axis Minimum [ O.O00g+O0] t

Bnter T-Axis 14aximun [ 1.09 ] t

Enter T-Axis TitIe [HBTBRS/SRC]t

t

Default values have been set to plot on the Zeta plotter with 8-1/2 x

11 paper or on the graphics screen. ,.
4

PROFII3 DATAFILB OUTPUT writes a data file containins the values
v.

used to create the profile data. The file is assigned to unit 12 and

named PP PLOTOUT.This file can be used to plot the FORCEresults

using other graphics packages. An example of this file is shown in _

Figure 7-8. The first five lines contain information describing the

file and data structure. The remaining lines list the data for each

plot. .J

7.3.4.3 GeometrY. Geometry is selected with the response, G, and

produces plots of the modeled seometry created by the FORCE2 pros:am. Control

volumes, blocked cells and faces and the geometric boundary are plotted. The

geometric options menu alloys the user to determine the appearance of the

,_, plot, the selection of the view, and range and scale. Figure 7-9 shove an .

example geometry plot that identifies parts of the plot specific to geometry

plots. The options for view, range and scale factors for geometry are

described earlier in Section 7.3.4.1, General Input. The geometry plots are

selected from a menu shown below. _
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Geo_etr_ options

1. Bounder,7 [13S]

2. Axis Labels [mS]

3. Plot Labels [138]

4. Grid lines [138]

5. Node centers [138]

6. Blocked cells [NO ]

7. Blocked faces [NO ]

8. Invert X axis [NO ]

hter option or <P,BTUR_ to end t

Entering a <RETURN>will exit the menu.

The units and value of the FORCEgeometric data can be modified with

the keyword GBONin the units conversion file. See Section 7.4.3,

Input Phase.

BOUNDARY

determines if the geometric boundary will appear on the plot. A YBS

in the brackets is the default and indicates that boundary data rill

appear on the plot. A file containinl the boundary description is

created by the pre-processor and is read by the post-processor. This

file contains boundaries for only on_._eview. Vhen geometry for the

selected view is not defined, then the default in brackets will

display [N/A] and the boundary option is not applicable.

AXIS LABBLS

determines if axis labels will appear on the plot. See Figure 7-4

for an example of axis labels. A YES in the brackets is the default

. and indicates that axis labels will appear on the plot.



am

Plat LABBL8

determines it the title text rill appear on the plot. A YBS in the ,

brackets is the default and indicates that plot labels vlll appear on

the plot. _i

_n _RS

determines if the 8rid lines, lines plotted along the control volume "

faces, rill appear on the plot. Figure 7-9 shays an example of grid

lines. A YBS in the brackets is the default and indicates that grid

lines rill appear on the plot. ._

NO_ _
L

determines if the node center markers, a plus stBn, rill be plotted ,_"

at the center o! each control volume. F/lure 7-9 shays an example of ,.

node center markers. A YB8 in the brackets is the default and ,,

tndioatee that node center markers rill appear on the plot. .

BIa(2]iD _

determines if blocked cells and other unused control volumes defined

in fORCB rill be marked. An example of a blocked cell te shorn in i,_

Figure 7-9. A YBS in the brackets indicates that blocked cells rill

be urked, The default is NO. ,;

B_ FACM

determines if the indivtduaX faces of the control volumes, defined as

blocked in the PORCB2program, are marked on the plot. These block _L

faces are defined vith a line Just inside the cell adjacent to the

blocked face. See the example in Figure 7-9 A YES in the brackets'

indicates the blocked face will be marked. The default is NO,

L

L.
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INVl_aT AXIS

specifies the viev direction of the plot. k normal viev of an X-Y

plot displays the data vieved along the Z axis tovard increasing Z

. values, A reverse vlew of the same plot displays the data viewed

toward decreasing Z values, Figure 7-I0 shovs a simplified example

of these vlevs. A [NO], the default, indicates a NORMALvlev will be

plotted. A [YES] Indicates a ItUVBRSBvlev is used.

7,3,4.4 .....Contours. Contours are selected vith the response, C, and

produce a contour plot of the named data calculated by FORCB2. User input

consists of selecting the appearance of the plot, selecting the contour line

spacing and selecting the variable(s) to plot. Figure 7-11 shows an example

of a contour plot identifying portions of the plot that are specific to

contour plots. The options for veer, range and scale factors are described

earlier in Section 7.3.4.1, General Input. The contour plot options are

selected from a menu, shorn belov.

Contour options

Z. Boundary [138]

2. Axis labels [US]

3. Plot labels [YBS]

4. Contour labels [NO ]
•" 5. Contour lines I

Straight or Curved [STR]

6. Contour spacing s

Value or Number [VAL]

7. Invert X axis [NO ]

Rnter option or _lffURIO to end s

' Pressing <RETURN>along viii exit the menu.

BOIMDARY

determines if the geometric boundary will appear on the plot. A YES

in the brackets is the default and indicates that boundary data rill

w,+
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_
appear on the plot. A file containing the boundary description is .,_

created by the pre-processor and is read by the post-processor. This

file contains boundaries for only on_ view. When geometry for the
selected view is not defined, then the default in brackets viii

e_

display [N/A] and the boundary option is not applicable.

m_
AXIS IABBLS

determines if axis labels will appear on the plot. See Pigure 7-4

for an example of axis labels. A YES in the brackets is the default

and indicates that axis labels will appear on the plot.

PLOTLABBLS

determines if the title text will appear on the plot. A YBS in the L.

brackets is the default and indicates that plot labels will appear on

the plot. _;

CONTOURLABBLS

j,,,

determines if markers will be written on the plot to identify !
selected contours. When contours markers are selected (a YBS

response), additional data is required to define placement on the
_ •

graph. This information is input after the contour menu is complete ,'it.
and before the plot is made. The default is NO contours markers.

(

AXIS identifies the direction to mark the contours, and is used

only when CONTOURLABBLSare turned on. If the default option 1 is _

chosen as shown _

gnter Axis for Contour I/arklng _'i_

1. Xl AXIS
f,,2. X2 AXIS ,_.,

Select Axis [1] ,

i

;s
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markers will be placed on contour lines that cross node centerlines

; which are parallel to the Xl axis. If option 2 is selected, the

• markers are placed parallel to the X2 axis.

RANGE selects the range of node centerltnes on which markers will

be placed. This option is used only when CONTOURLABELS are turned

on. For example:

Bnter grid (node) range for contour markers

Select node range for X2arrS (1, -21) [ 1, -21]:

Selecting the default viii place markers along each node centerline,

lines 1 to 21.

NUMBER selects tt,e number of contour lines between marked contour

lines. This option is used only when CONTOURLABELS are turned on.

: The default value is zero
! t

J.

Bnter the number of lines between marked contour lines [ 0]:

If the default is chosen, every contour line crossing the node

'_ r centerltne viii be marked. If a value of 2 is entered, every third

contour line be marked and two lines skipped.

CONTOURLINES

plots selected contours within a control volume rectangle using

values defined at the corners of the rectangle. Bilinear

interpolation .- used to determine the path of a contour within this

- rectangle. The contour plotting viii either generate straight lines

- between the faces of this rectangle or plot curves resulting from the

_! interpolation functions. Experience indicates that straight line

segments usually produce better plots.

The options are straight or curved lines. The default [STR] Is

straight lines.
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COI_OUR SPAC_ _

specifies the method of selecting contour lines spacing: a value for

contour spacing or the number of lines on the plot. The program

prompts for the minimum and the maximum contour values to plot.

VALI/g defines the contour spacing. Contours will correspond to _.

equal multiples of this value, starting from the minimum contour '_

value. In the following example, the contour spacing is entered as

50.0 and the default minimum contour (100) is used! therefore _:

contours rill correspond to values of 100.0, 150.0 --- 300.0

Contour Spacing

Contour data range - 9.20B+01 to 3.45E+02

Enter contour spacing [ 30.0] : 50

The default value is approximately I0 contour lines per plot. The

contour data range displayed is the total range of contour variable

data for all cases and ranges specified. The default contour spacing

is based on the minimum (DHIN) and maximum (DNAX) data for the

selected variable (case and plane) as follows: _)

Spacing = (DI/_ - l)NiN)l(Sumber-I )

The default spacing is then rounded before being displayed.
i

k'UIIBNR selects the number of contour lines on the plot. For

example, for 12 contour lines on a plot:

Enter the number of lines per plot [ 10] : 12 _,

The default is the last value entered or the value 10.

MININUN selects the allowable range of variable data over which

MAXINUN contour lines will be plotted. For example, _
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Enter minimum contour value [ lO0.O0] :

Enter mma:imumcontour value [ 300.00] :
"_

+_, The minimum and maximum default values are the nearest exact

. multiples (based on zero) for the contour spacing.

XNVSRT X AXIS

:_ specifies the viev direction of the plot. A normal viev of an X-Y

=, plot displays the data viewed along the Z axis toward increasing Z

..... values. A reverse view of the same plot displays the data vieved

toward decreasing Z values.

VARIABLE DATA

prompts to enter the name of the variable data to be plotted. A list

_ of the possible variable names is displayed by typing a (RBTURN>. if

.._ more than one variable name is entered a separate contour plot is

created for each entry. For example,

Enter Data Name (_CR) for list): VFRG

++: or

Enter Data Name (<CR) for list): U1G, U2G, U3G

! for separate plots of gas void fraction and gas velocities with the

same scale, etc., See profile variable data selection, Section

7.3.4.2, for an example of the variable list. Note that the variable

names must be in capital letters.

7.3.6.5 Vector Plots. are selected vtth the response, V, and produce a

_i two-dimensional plot for the direction and magnitude of the velocity. Theuser can determine the plot appearance, velocity or mass flux selections and

scale factor input. Figure 7-12 shows an example of a vector plot identifying

[_i portions of the plot that are specific to vector plots. The options for vlev,

range and scale factors are described earlier in Section 7.3.4.1, General

F" Input The vector plots options are selected from a menu shown below.
.' •
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Vector options '+'"

1. Boundary [YES] .,,

2. Axis labels [YES]

3. Plot labels [YES]

4. Vector label ' [YES]
+:,

5. Vector z

Velocity or Haas Flux [VCT] -+

6. Invert X axis [NO] _0

7. Gas or solids [GAS] -.

Enter option or _STURN_ to end z

Pressing <RETURN>exits the menu. The unit name for HASS FLUX is

assigned in the units conversion file with the MFLX keyvord. See

Section 7.3.3, Input Phase.

BOiMDARY _++

determines if the geometric boundary will appear on the plot. A YES

in the brackets is the default and indicates that boundary data vili

appear on the plot. A file containing the boundary description is

created by the pre-processor and is read by the post-processor. This _
i.

file contains boundaries for only on_..eeviev. When geometry for the

selected view is no_.._tdefined, then the default in brackets vii1 .

display [N/A] and the boundary option is not applicable. ..

AXIS LABBLS ++

determines if axis labels vili appear on the plot. See Figure 7-3 +r

for an example of axis labels. A YES in the brackets is the default _-

and indicates that axis labels will appear on the plot.
+

:

PLOT LABELS
v,.

+;

determines if the title text will appear on the plot. A YES in the

brackets is the default and indicates that plot labels will appear on m_+

the plot.
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VE_OR I_BBL

determines if a unit vector, a one-lnch line, is drawn below the plot

label showing the scale factor used to plot the vectors. The default

is [YES] and plots the unit vector. When displaying the plot on an I

interactive graphics device the vector label length may vary.

• VECTOR - VELOCITY OR HASS FLUX

alloys the selection of the vector type to plot: velocity or mass

flux.

INVERT X AXIS

specifies the view direction of the plot. A normal view of an X-Y

plot displays the data viewed along the Z axis toward increasing Z

values. A reverse view of the same plot dlsplays the data viewed

toward decreasing Z values.

GAS OR SOLIDS

specifies the phase.

•' SCAI_ FACTOR

requests a factor to scale the vectors. The prompt displays the

maximum range of the data. The default scale factor is for a 1/2-

inch vector. The scale factor is defined in units/inch. The maximum

vector length of any vector is also requested. When displaying the

plot on an interactive graphics device the scale factor length may

'_ vary.

_,, Vector Scale Factor

' Haximum data range - 1.08E+O0 HETERS/SP.C

Enter scale factor (units/inch) | 2.20 ] :
• .o

Vector Naximum Length

"' Enter length (inches) [ 0.500] :
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7.3.4.6 Variable vs Time Plots. Plots of selected variables versus +_
i,i m ,,, .......... i , ,,

time are selected vtth the response, T. The user selects the variable(s) to

be plotted and inputs the appearance of the plot.

Hinimum and maximum times are entered after the promptss
_'.++,.

Enter Minimum Time [ ] s i-

hter Haxtmua Time [ ] s

The default values are the minimum and maximumvalue in the time data file

VARIABLESBLECTION

The variable(s) to be plotted are selected from the table of , :'

variables that yam input to FORCE2in the CONTROLParagraph using the +"'

STOREstatement (see Section 4.6.4.2 of the FORCE2input

description). This table is displayed ass

Variable Description for [TitIe of Run] +.

1 Variable |1 Location ;

2 Variable t2 Location _+

3 Variable 13 Location +

N Variable tN Location _.

Enter Nuber(s) for Variable (8 Max) s J,
,.

The variables and their locations are displayed in the format that ,+.+_

they vere input to FORCE2. .- L

The appearance of the plots is controlled by the Plot Options Menu: i_
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Plot Options

• 1. Plot legend [YES ]

2. Plot symbols [YES ]

3. Hultiple plots [NONE ]

4. User size [NO ]

5. Pile output [NO ]

.... Enter option or <P.KI'UR_ to end s

These options are identical to those for the Profile plots (Section

7.3.4.2) and produce the same effects.

A typical time plot is shown in Figure 7-13.

7.3.4.7 Streamlines. Streamlines are selected with the response, S,

and produce streamline plots of the gas or solids flow field calculated by

-_ FORCE2. User input consists of selecting the phase, the appearance of the

plot, and the streamline spacing, the magnitude of the flow rate between

streamlines. The magnitude of the flow rate between streamlines is constant.

The streamline plot options are selected from the following menus

"i_ Streamline options

_": 1. Boundary [YES]

,.-: 2. Axis labels [I_S]

i.,_ 3. Plot labels [YES]

4. Strea_ine lines -
F

Straight or Curved [SIR]
_..

5. Streamline spacing -

{" Value or Nuaber [VAL]

' 6. Gas or solid flov [GAS]

_ Enter option or <ltBTUR_ to end :

Pressing <RETURN> will exit the menu.

A typical streamline plot is shown in Figure 7-I_.

..;.

i
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BOUNDARY _ i
i

This option determines if the geometric boundary wilI appear on the ..

plot. A YES in the brackets is the default and indicates that

boundary data will appear on the plot. A file containing the _.
boundary description is created by the user and is read by the post-

processor. Vhen geometry is not defined, then the default in

brackets will dlsplay [N/A] and the boundary option is not "'

appllcable. --

AXIS IABgLS _,

This option determines if axis labels will appear on the plot. A YES

in the brackets is the default and indicates that axis labels will i
appear on the plot.

PLOT IABBI_

_m

This option determines if the title text will appear on the plot. A '-

YBS in the brackets is the default and indicates that plot labels

will appear on the plot. _"

S_ LINES ,-
t

Selecting this option plots streamlines as contour lines of flow rate ..,

within a control volume rectangle using values defined at the corners

of the rectangle. Bilinear Interpolation is used to determine the

path of a contour within this rectangle. The streamline plotting :

viii either generate straight lines between the faces of this

rectangle or plot curves resulting from the interpolation functions, r"

Experience indicates that straight-line segments usually produce ,-

better plots, r'

Options are straight or curved lines. The default {STR] is straight

llnes. _'_.
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8TR_LIn SPACING

This option specifies the method of selecting streamline epaQings a

value tot streamline spaaing or the number of lines on the plot. The

program also prompts for the minimum and maximum streamllnevslun to

plot.

Value defines the streamline spacing. The magnitude of flov rate

betveen lines rill be equal to value, starting from the minimum

streamline value.

Streamline Spacinl

Streamline data ramp - -3.49K-08 to 9.69B-01

Rnter streamline spacing [ 0.100 ] s

' The default value is approximately 10 streamlines per plot. The

•, streamline data range displayed is the total range of flov rate data

for all cases and ranges specified. The default streamline spaQing

is based on the minimum (DHIN) and maximum (DHAx) data for the
selected variable as follovss

Spacinl = (Dlt_ = Difr.3) / (Number = 1)

_-_ The default spacing is then rounded before beinB displayed.

Humber selects the number of streamlines on the plot.

Bnter the number of lines per plot [ 10] t

' The default is the last value entered or a value of 10.

__' GAS OR SOLID FLOV
f

The phase for vhtch streamlines will be plotted is selected vtth this

option.
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7_3,4_8 RsvData Set. A new set of field data is selected with this

option. The user enters the response, N. During FORCI2 execution,

predictions can perlodically be written to the field varlable data file. The .

frequency at which data is written is controlled by input to FORCE2. The data

set is selected by entering the desired problem time. For steady execution,
problem "time" is defined by dividing the steady iteration number by 1000.

The case number and run title are dlsplayed bye '"

Data for CASB , Case # --- Run Title

The user then enters the problem time at which new data is selected
according tos 0

e

hter tim of data to plot tl to t2 It3] s

where tl is the initial problem time of al1 the field data sets, t2 the final
time, and t3 the time of the current data sat. ..

7,3.4,9 Update Units. This option alloys the user to modify the unit
conversion file from the main plottlng menu after the fleld data and time data

files have been read. The user enters the response, U, for this option.

Prompts will then appear for modifying the unit conversion file, as described
earller in Section 7.3.3.

7.3.5 Varnlng I_,ssage s

.L

Varnlng end error messages consist of four typess notes, varningt error
and fatal error.

Y

o Note - is informative messages to the user

o Warning - is a message indicating a recoverable error

o grror - is a message indicating a significant error has occurred

and in some cases the program yell stop
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o Fatal Error - a major error has occurred and the prosram will

stop. The varninl messqes and a brief explanation of each

follow.

** NOTE ** (I) BND OF BATCH INPUT FILE

The batch session is complete. An end of file has been

' encountered while readlnB the session file. See Session File,

Section 7.3.2.

._ ** NOTE ** (I) ItANGBERROR, _ATiVE VALUE .. CHANGBD TO +

This note indicates that an i11qal nqattve value has been

modified by the poet-processor.

"_ ** WARNING ** (2) INVALID DATA NAMB. RB-BNTER NAMB,

._ The variable data name entered is not a FORCE2variable.

** VARNING** (2) DATARANGEIS ZERO -- PROCESSSTOP

i_ The program encountered an illepl sere value in the ranse

•_ routine and will go to the main menu.

•* WARNING ** (2) UNABLE TO OPEN BOUNDARY DATA FILE

The geometry data file could not be opened. The post-processor

will continue with no pometrie data defined.

Iv. ** WARNING ** (2) VARIABLE NAME NOT IN LIST (Upper ease only)

_. A warnlnE indloatlnE that the variable name entered is not in the

unit conversion data file and cannot be updated.
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** ERROR** (3) ERRORWIULNPJADINGUNIT CONVERSIONFILE _-

The unit conversion has an error in it.

** _0R ** (3) ERRORVHBNREADINGRESTARTFILE

File input error while reading the field data or time data files. *"

**ERROR** (3) UNABLETO OPENRESTARTFILE FOR INPUT

The field data file was not found by the post-processor. Either

the file does not exist or the correct name has not been entered.

** ERROR** (3) MSTART FILE NOTENDEDPROPERLY '"
w,

Irror in the field data or time data files. ,

** _OR ** (3) THIS OPTION NOT IMPLEMENTED

A plot type has been chosen that is not implemented in this
version.

4,.

** FATAL EP£OR ** (4) UNABLE TO OPE_ DIRB_ ACCESS FILE FOR ,.

OUTPUT

Data storage error. This error is a system problem and should

not oGcur.

** FATAL ERROR ** (4) ERROR W"ILE _ITING DIRECT ACCESSFILE

Data storage error, This problem can occur especially when a

boundary file has been modified by the user and the first line of

data in the file is incorrect. Other problems such as field data

or time data file incompatibility can cause this error message to

appear, i;_
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** FATAL ERROR ** (4) ERROR VHILE RRADING DIRECT ACCESS FILE

Data retrieval error. This problem can occur usp,clally vh,n a

. boundary fils has been modified by the usor and the first llnu of

data in the fiX, is Incorruct. Other probXms such as restart

fiX," Incompatibility can caus, this error m,ssag, to appear.

' ** FATALERROR** (4) UNABLETO OPENCONVERSIONFILE FOR INPUT

• The unit conversion file does not exist.

** FATAL EnOR ** (4) UNABLE TO OPEN CONVERSION FILE FOR OUTPUT

Data storage ,trot. This error is a systu problem and should

not occur. Unl,ss ths unit conversion fila nama is vronj.
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FORCE2 INPUT
DATA FILE

FORCE2 INPUT RESTART ,..FILE

, , FOR
RESTARTS --

OUTPUT RESTART
FILE

FORCE2 OUTPUT
LISTING

POST-PROCESSOR
FILES

_.,,

EROSION MODEL _
DATA FILE i_

Figure 7-1. FORCE2 file structure. _
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INPUT FILES

-_ • FORCE2 POST-
J PROCESSOR FILES

• GEOMETRY FILE

:i; • UNIT CONVERSION
DATA FILE

! ....

,o

POST-PROCESSOR .........
"' PROGEAM
,.:

I IL I I I L 7--

_ _ .... i BATCH SESSION I-'-1

:;:

1,1 ,, .......-7,\ -_ sRssIos

_"_ I...... ! _ I/_'
"_ USER

_.. \ ! ou_F__ •
\1 • PZaTFILEFOa

-_., _ SELECTED PLOTTING

i DEVICE I
• PROFILE DATA FILE

Figure 7-2. Post-processor input and output files.
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%"

PROFILES GEOMETRY CONTOUR VECTOR STREAMLINES

_

PLOT

GRAPHIC

TERMINAL
--- OR- --

PLOT

FILE _':

Figure 7-3. Overviev of the post-processor program.
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° _

name * unltm * A B fsample llne -- flrst llne not raad) :::
UIO Cm/Beo 1. O0 O. O0 "
UIS Cm/Sec 1. O0 0 O0 I_:
U2Q CI/Seo I.00 O.00 : FORCE2 UNITS : ":_

U2S Cm/Seo 1.00 0.O0 . CONVERSION FILE :
U3G CmlSeo I.00 0.O0 : :
U3S CIISec I.O0 0.O0 • :
P Dim/Ore**2 1. O0 O. O0 < _"
VFRG 1. O0 0. O0
VFRS 1.O0 0.O0
RHOG GICm**3 I.O0 0.O0
RHOS O/C_**3 1.00 0.00 "'
GEOM C_ 1.O0 0.O0 _
STRM O/Cm/Seo 1.00 0.O0 STREAM LINE UNITS ONLY
TIME 8aoond 1.00 0.00 Vmriable.vm. t ins plot
MFr_K G/Cm**2/Seo' 1 O0 0 00 Va_iable.vm.time plot

t,

Figure 7-5. Unit conversion file. ?i,._

f
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; _ Section et Verticoe

'_ [_] Section @a Vort;_cen

','_ VENTURI GEOMETRY

l I ! i
'"_ I I I I I l.lOll|.|Oil I I.l|Ot (I.I|II

I I.IIIIl.llOl I I.IIIII,IIII
I l.lllll.llll I l.lOlll.llll
I l.(llll.lill ( l.filll.llll

,_., 4 t.llll t.llll
I I | l I l.lOllJ.O000 I O,IOllO.Ol|ll

I 1.1111l. lOIl I O.llll t.lOOOl
"" I J. lO)3 O.OOOJ "

GEOMETRY FILE

_- Figure 7-6. Boundary data file for a venturi with a flow obstruction.
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i Figure 7-10. Invert X-axis option, normal and reverse viers.
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7 Appendix A

Typical Command Procedures to Execute FORCE2

_:_ Command procedures for executing FORCE2 on a Sun 4/260 and VAX machines

are listed in Tables A-1 and A-2. The user file names and corresponding

i FORCE2 files are listed in Table A-3.

::_ A command procedure for executing the FORCE2 post-processor is listed in

_ Table A-4.

_._

F
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Table A-I

A UNIX SCRIPT FOR EXECUTING FORCE2 ON A SUN 4/260 COMPUTER
d--

llmit filesize 4000

#
I

#
# +++++++++ Assign FORCE2 Input Data File +++++++

#

# +++++++++ Assign FORCE2 Input Restart File +++ -
#

in -s restart, in fort. 1
#

# ++++++++++ Assign FORCE2 Output Restart File +++

In -s restart, out fort. 9. _

# ++++..+++++ AssiEn Runtime File .+++++++++++++%+
.,.,

in -s runt ime fort. 11
#

-o _,-

# ++++++++ Assign Log File. ++++++++++++++++++++
# "i

in -s force2, log fort. 20
#
# .................. _
# +++++++ Assign Post Processor Files +++++++++++

_.

Operating conditions throughout domain wTitten to Unit @69 _..
#

• In -s force2, ppf fort. @9 •
#

# Selected operating conditions written to Unit #70
#

_J

In mS force2, ppt fort. 70

# ++++ AssiEn Hydrodynamic Data File for Erosion Model ++++ _*
#

In -s hydro, dat fort. 71
# :,

# Execute FORCE2 , Name of executable assumed to be "FORCE2" -
#

( FORCE2 < in.dat > force2.out )>&! run. log "

# FORCE2 Output Listing on force2, out
....

rm fort.._
rm in. dat *'"

exit
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,_ Table A-2

A COMMANDPROCEDUREFOR EXECUTINGFORCE2ON A VAX COMPUTER

Si
$! --

= $I++++++++ Assign FORCE2 Input Data File +++++++++

$ ASSIGN foroe2.in FORO05
$I ..........

_ $i ++++++ Assign FORCE2 Output Listing +++++++++

$ ASSIGN foroe2.out FORO06
- $! .........
: $I ++++++ Asslgn Input Restart File ++++++++++++.

$ ASSIGN restart.in FORO01
$I
$f ++++++ Assign Output Restart File +++++++++++++
$!

I $ ASSIGN restart.out FORO02

$I ++++++ Assign Runtime File +++++++++++++++++

$ ASSIGN runtime FOR011

$! ++++++ Assign Log File +++++++++++++++++++++
$!

-- $ ASSIGN foroe2.1og FOR020
$I

._ $! ++++++ Assign Post Processor Files +++++++++++
$!
$I All Field V_riables written to Unit #69
$_
$ ASSIGN force2.ppf FOR069
$!
$! Time data written to Unit @70

- $!
$ ASSIGN force2.pp% FOR070

!
$! ++++++ Assign Erosion Model Data File ++++++++
$!
$ ASSIGN hydro.dat FOR071

$_.,

$! Execute FORCE2 , Name of executable assumed "FORCE2"
-, $!

$ RUN FORCE2
$!
$ EXIT



Table A-3

USER FILE NAMES FOR THE FORCE2 INPUT AND OUTPUT FILES ""

T

FORCE2 FILE USER FILE NAME 5

INPUT DATA force2.in
+

OUTPUT LISTING force2, out

RESTART INPUT resbart.in "

RESTART OUTPUT restart.out _+_

RUNTIHE runtime _,

LOG force2, log
q

POST-PROCESSOR
Field Variables force2.ppf +-
Time Data force2.pp%

EROSION MODEL DATA hydro.dat
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++ Table A-4

A UNTX SCRIPT FOR EXECUTINGTHE POST-PROCESSOR ON A SUN 4/260 COMPUTER

!

I' #_ /bin/osh -f
+i # Setup files from FORCE2 for post processing with F2PLOT

onintr interupt

+_ set f2dir = /mass/dJb/foroe2
set ext = ppf
eetenv gksdir "/usr/local/gks/grafpak"

B

echo " '°

" echo "FORCE2 Post Processing"

,

# field variable data file

- get_restart:
if (-e PPF) rm -f PPF
set f = $cwd:t
echo -n "Field data file for plotting [${f}.ppf] : "
set ane = $<

i_ if (Sans == °° ) then
set ane = $f

- ' e lee
+ set f = $ans:r

endif
_: set fr = ${f}.ppf

if (! -e $fr) then
"" echo "Field data file $fr does not exist."

,.. goto get_restart
++ endif

_ in -s Sfr PPF

# Variable .vs. time data file

..... if (-e PPT) rm -f PPT
if( -e Sf.ppt) In -e $f.ppt PPT

# Geometry data file
if (-e PP_BOUND1) rm -f PP_BOUND1
if(-e Sf.ppg) In -e Sf.ppg PP_BOUNDI

.... # Units conversion file
if (-e CONVUNIT_ rm -f CONVUNIT

++ In convunit.dat CO_PUNIT
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Table A-4 (Cont'd) _-

A UNIX SCRIPT FOR EXECUTING THE POST-PROCESSORON A SUN 4/260 COMPUTER

echo -n "Use a Session file [n]? "
set ans= $<

if (Sane == "y i Sans == "Y ) then 1
get_session:

if (-e PP_SESSION) rm -f PP_SESSION i'
ls-i *.ses LJ
echo
echo -n "Session file name [$f.ses]: " ....
set ans = $<
if (Sans == '') then

set fs = $f.see ._.
else

met fs = $ans:r.ses -"
endif
if (t -e $fs) then

echo "Session file does not exist" _,
goto get_session

endif !7

In Sfs PP_SESSION _
else

if (-e PP_SESSION} rm -f PP_SESSION
endif _

if ($i == _debug •) then
if (-e PP_SESSION) rm -f PP_SESSION "'
exit ;_L_..

endlf
m',

$f2dir/f2plot
m.,,

if (-e PP_SESSION) then
In PP_SESSION Sf ses 0• • _/.

@vet = 0 ,_
set nonomatch
foreach s ($f.ees.[0-g]*} ?-

if ($s:e >= $ver) @ vet = Ss:e + I
end
unset nonomatch -
mv -f Sf. ses. 0 Sf. see. Sver _.
mv -f PP_SESSION Sf.ses

endlf .

if (-e CONVUNIT) rm f CONVUNIT
if (-e PP_BOUNDI ) rm -f PP_BOUND1
if (-e PP_SESSION) rm-f PP_SESSION
if (-e PPF_ rm -f PPF
if (-e PPT_ rm-f PPT "-

exit
interupt" ' ' _

echo "Process interupted by Cntrl-C"
guit :

exit _..
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,_ ' Appendix B

'-' FORCE2 and Post-Processor Files for the FLUFZX Standard Problem

._ The FORCE2 input data for the initial and restart runs, the FORCE2

_ output listing and log file for the initial run, and the post-processor
boundary data file are given in this appendix. These files were developed

during runs of the FLUFIX standard problem.
I
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+++++++++++++++++ ¥ORCE2 Input , initial Run ++++++++++++++++
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I .............._ ..... lib " II v _Ib_i_ _ u uw_,,_l.,_ _- =_,,, ----................

_' $ bd wlth Giaom Beada
_i_ $ This Problem is the Standard FLUFIX Teat Case

$
_ $ Nots: No Gas or Solids 'qlscouo Stress, HUG = _J8 = 0.0
i_, $ Gas Viscosity of .000182 Used to Evaluate Dras Coefflolent

e_ eRe_ esw _ em is _ e_ _e _ e_ _ _ _ _ awm _ em _ m

8AVE
_! TITLE Standard FLUFIX Test Case (ANL/EES-TM-361)

GEOMETRY
$
$ ..... Geometry Paralraph .......

CARTESIAN 14 33
DXI 4.87
DX2 .635

'_J S

$
- BOUNDARY X2 LOWER DIRICHLET

BOUNDARY X2 UPPER DIRiCHLET !
"_ BLOCK X2 0,0 0.0 58.44

BLOCK X2 19.685 0.0, 58,44
BLOCK CELLS 9.74 19.48 18.4150 19.685

-e

PROPERTIES

_ $ ..... Proper tie s Paragraph .......

... $ Gas Density & Viscosity
$

"__ENSITY GAS IDEAL
 OnECULAR WEIGHT 1.0

GAS CONSTANT 2.87E06
•_ VISCOSITY GAS O.0
, $

$ Sollds Densi%y & Viscosity ( Specify Gas Viscosity )
$
DENSITY SOLIDS 2.440 . 0.0 , 0.0 , 0.0
VISCOSITY SOLIDS 0.0
$

" $ Gas & Solids Reference Densities ( Used only for steady soln)
$
GAS REFERENCE DENSITY .00117

.... SOLIDS REFERENCE DENSITY 2.440
$

- $ Reference Pressure (Atmospheric)
$

_'_ PRESSURE 1.013E08, 13, 2
$
$ Reference and Abaolute Temperatures

REFERENCE TEMPERATURE O.0
'- TEMPERATURE 298.0



FLOW
$
$ ..... F I ow P a r a I r a p h ....... '-_
S
TP._N S I ENT
GRAVITY 980.821 , 0.0 , 0.0
$
$
DIAMETER 5.03E-02
SPHERISITY i.0
VECTOR DRAG
MODEL B

$ Solid Stress Parameters
a
SOLIDS STRESS PARAMETER GNORM 1. +
SOLIDS STRESS PARAMETER SLOPE 800.
SOLIDS STRESS PARAMETER EPSTAR .384

CONTROL
$
$ ..... Cont ro I Paragraph .......
$
$ Print & Data Output Control

PRINT OFF
PRINT P INITIAL
PRINT P FINAL
PRINT VFRG FINAL
PRINT UIG FINAL _
PRINT U18 FINAL
PRINT U2G FINAL "

RINT U2S FINAL _
EROSION MODEL DATA 10000 _
$
$ Program Execution & Timestep

T IME STEP .0001
MAXIMUM TIME STEPS 10 •
$
$ Iteration & Relaxatlon Parameters
$
MAXIMUM MICRO ITERATION8 5
MAXIMUM MACRO ITERATIONS 100
S
$ Convermenoe & Solution Parameters _
a
MASS CONVERGENCE CRITERIA .0001
MAXIMUM VOID .999
POST PROCESSOR DATA

SAVE ALL 5

PERMEABILITIES
$
$ ..... Poros ity/Perme&bi litF ...........
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$ Set to 1.0
$

: SET1
_ SET2

POROSITY I.0

SET2
!_ XI-PERMEABILITY 1.0

INITIAL
- $

$ ..... Initialization PaPaIPaph .......
$

,, $
$ Initialize Presmure Field Based on Min Fluldimation Condition

MINIMUM FLUIDIZATION 1

$ Sot velooitles & voids th_oulhout field
$

•: SET1
SET2

" UiG 0.0
. UiS 0.0

U2G O. 0
"1 _ _ U 2 s 0 . 0

VFRG I.0
- VFRS O.0
; P 0.0

S

-_ Set Inlet Pressure

5]_1 1, 1
SET2 1, 33

: P 41900,0

$ Set inflow Gas Velooltles

$ --- I.) Secondary Stmeam
$
SET1 1, 2

SET2 2, 31
-. UIG 26.0

$
$--- 2.) Jet

_ $
SET1 1, 2

SET2 32, 32
UIG 578.

- $ +++++++++++++++++++++++++++++++++++++

$ Set Gas Veloolties in Bed
., $

SET1 3, 8



UIO el.9

$ Set Gas Velooities in Above Bed

SET1 9, 14
BET2 1, 33 "

U1G 2e.

$ Set Velooitlee at Blocked Cells ( Just to be Safe) _
$
SE?I 4, 6

L

SET2 31, 32 ,,.
UIG 0.0

$ Ini_lallze Void Fraotlons in Bed _

SET1 2, 7
SET2 1, 33 "

VFRG • 42 _
V_S .58

FLOFLAG8

..... Ce 1 1 F I ag Paragraph ........ .

$ Set all to free flow co!Is !FLO = I -,
SETI

SET2 *"
GAS 1 _
SOLIDS 1

Inflow Ceils For Gas Phase IFLO = 2 :.

SET1 1, 1 ,_
SET2 2, 32 h_

GAS 2 •
$
$ Constant Pressure Outflow Cells For Gas Phase IFLO = 4

SET1 14, 14
SET2 2, 32

GAS 4
$ _
$ No Flow Cells For Solids Phase at Non-Blocked Surfaces, IFLO = 0

SET1 1, 1
SET2 2, 32

SOLIDS 0

SET1 14, 14 _
SET2 2, 32

SOLIDS 0
$ +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
$ The Slip/No-Slip Conditions are Meaningless for This Run
$ Because Gas & Solids Viscosities are 0.0
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$ Lower X2 - Boundary
i $ Gas : No-Slip , IFLO = -3
_ $ Solids " No-Slip , IFLO = -3

SET1 I, 14
"_ SET2 I, 1

GAS -3
SOLIDS -3

$ Upper X2 - Boundary
$ Gas : Free Slip , IFLO = -I

'! $ Solids : Free Slip , IFLO =-I
$

....SET1 t, 14
iil SET2 33,33
_: GAS -1

SOLIDS -I

i $
_.,$ Upper X2 - Boundary , At the Obstacle

$ Gas : No Sllp , IFLO = -3
$ Solids : No Slip , IFLO =-3

' SET1 4, 5
. SET2 31, 32

GAS -3
SOLIDS -3

$
- $ End of Data
_ $



.++++++++++++++++ FORCE2 Input , Restamt Run ++++++++++++++++ _-,<
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I I

,_:$ 2-D SAMPLE PROBLEM , Units are in cm
_ $ Bed with Glass Beads
.3.$ This Problem is the Standard FLUFIX Test Case

$
•, $ Note: No Gas or Solids Viscous Stress, MUG : MUS = 0,0
._ $ Gas Viscosity of •000182 Used to Evaluate Drag Coefficient

$
$ +++++++++++ Restart Run +++++++++++++++++++++++++++++

RESTART SAVE

_q TITLE Restart FLUFIX Test Case (ANL/EES-TM-361)

_:_FLOW
$

_] $ F 1 o w P a r a g r a p h

TRANSIENT
q
i CONTROL
-" $

_, $ Contr o 1 Paragraph

i_ $ Print & Data Output Control
$
PRINT OFF

• PRINT P FINAL
PRINT VFRG FINAL

....PRINT UIG FINAL
.:iPRINT UIS FINAL

.... PRINT U2G FINAL ,

,_RINT U2S FINAL

•" $

$ Program Executlon & Timestep
: .-_ $

i. TIME STEP 0001t._U •

MAXIMUM TIME STEPS 50

i' $

......MASS CONVERGENCE CRITERIA .0001
MAXIMUM VOID .999

f,,,

I POST PROCESSOR DATA
_- SAVE ALL i0

SAVE SELECTED VARAIABLES 5
,'"_STORE VFRG AT 2, 32

STORE VFRG AT 2, 31
STORE P AT 2, 32

F_ STORE P AT 8, 30

LIL.STORE UIG AT 3, 32STORE UIS AT 3, 32
STORE UIG AT 5, 30

STORE UIS AT 5, 30S
$ End of Data

.

L......

C
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+++++++++++ FORCE2 Output Listing , Inltlal Run +++++++++ ,_
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_: +.+++++++++++++ Poet Prooeeeor Boundary Data File +++++++++++++++
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3 I 2 5 _
I I I 5 2 0.0 0.0 _

4 0.0 19.685 _
3 58.44 19.685 _.
i 58.44 0.0
I 0.0 0.0 -.

l 1 2 5 I 9.74 18.415
2 9.74 19.685
I 19.48 19. 685 '_:
1 19.48 18. 415
I 9.74 18.415

/i

"Geometry File for 33X14 Standard FLUFIX Problem "

Ļ
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,/°

_ Appendix C

FORCE2 and Post-Processor Files for the CAPTF 3-D Bundle Problem

: The FORCE2 input data for the initial and restart runs and the post-

processor boundary data file are given in this appendix. These files vere

developed during runs of the CAPTF 3-D bundle problem.

_°

•°,

4
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++++++++++++++++++++ FORCE2 Input , Initial Run ++++++++++++.++++.
/
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v.m



.. $ Z-D Model, Tubea modelled With 2X2 Blocked cells
$ Bed Modelled with Blocked Cells

r. S

.. $ Umf = 27 cm/e (Approx)
i $ Utest : 52.0 cm/s

\
$ Bed Material : Rho : 2.49, D: (425 +800)/2 Microns

i_ $ Model Includes Windbox & Distributor Plate
$
S
SAVE
TITLE 3-D CAPTF Bed with Tubes
GEOMETRY

$ ..... Gm ome t r y Par a gr a ph .......
$
CARTESIAN 35 , 14 , 5
DXI 15.0 , 3.0,

2.54, 2.54, 2.54, 2.54, 2.54,
2.54, 2.54, 2.54, 2.54, 2.54,
2.54, 2.54, 2.54, 2.54, 2.54,
2.54, 2.54, 2.54, 2.54, 2.54,
2.54, 2.54, 2.54, 2.54,
5.08, 5.08, 5.08, 5.08, 5.08,

-_. 5.08, 5.08
DX2 2.54, 2.54, 2.54, 2.54, 2.54,

"_ 2.54, 2.54, 2.54, 2.54, 2.54,
"_ 2.54, 2.54

DX3 10.16, 10.16, 10.18

'"_ S

BOUNDARY X2 LOWER DIRICHLET
• BOUNDARY X2 UPPER DIRICHLET
._ BOUNDARY X3 LOWER DIRICHLET

BOUNDARY X3 UPPER DIRICHLET
" BLOCK X2 0.0 0.0 114.52 0.0 30.48

BLOCK X2 30.48 0.0 114.52 0.0 30.48
BLOCK X3 0.0 0.0 114.52 0.0 30.48
BLOCK X3 30.48 0.0 114.52 0.0 30.48
$

- $ Tube # 1 ( Half Tube on Right Wall)
$

_ BLOCK CELLS 38.32 43.4 O.0 2.54 O.0 30.48

$ Tube _ 2 ( Lower Row, Center of Bed)

BLOCK CELLS 38.32 43.4 12.? 17.78 O.0 30.48
""_ S

$ Tube # 3 (Half Tube on Left Wall )
S

....BLOCK CELLS 38.32 48.4 27.94 80.48 O.0 80.48
$

....u C
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$
BLOCK CELLS 45.94 51.02 5.08 10.18 0.0 30.48
$
$ Tube # 5 (Upper Row ) D

BLOCK CELLS 45.94 51.02 20.32 25.40 O.0 30.48
a, ,m e,,_ ,., j m ,m em _,m,m ._ m ,,,Im m m u aa, m,m Is, -m -m _ ,,-,--m m u ,., ,m ,_ ,m

,m Im Q m, ,a,m ,m ,m

i'

PROPERTIES _'"

$
S ..... Propert ies Paragraph ....... ,

$ Gas Density & Viscosity
$ ,,

DENSITY GAS IDEAL
MOLECUF_%R WEIGHT i.0
GAS CONSTANT 2.87E06
VISCOSITY GAS 1.82E-04
$

$ Solids Density & Viscosity ( Specify Gas Viscosity ) L"

$
DENSITY SOLIDS 2.490 , 0.0 , 0.0 , 0.0 i
VISCOSITY SOLIDS 1.0

$ Gas & Solids Reference Densities ( Used only for steady soln)
$
GAS REFERENCE DENSITY .00117
SOLIDS REFERENCE DENSITY 2.49

$ Reference Pressure (Atmospheric)
$ :3

RESSURE 1.013E06, 34, 2 ,.
$ Reference and Absolute Temperatures ,,_._
$
REFERENCE TEMPERATURE O.0
TEMPERATURE 300.0

SECOND VISCOSITY COEFFICIENT GAS .6667 ....
SECOND VISCOSITY COEFFICIENT SOLIDS .6667

FLOW
$
$ ..... Flow Paragraph .......
$
TRANSIENT
GRAVITY 980.621 , 0.0 , 0.0
$

.. _.

DIAMETER .0513
SPHERI SITY 1.0 -
SCALAR DRAG
MODEL B '*-

$ So Iid Stress Parameters

C-4



_ W .m...jm$_ Jm,,,w.i..& _ 'km,i,w am m ,m,,i.w,wmm g,J_m,we,i,,,m .,, _.. _._,,,

' SOLIDS STRESS PARAMETER SLOPE 800.
• SOLIDS STRESS PARAMETER EPSTAR .40

$
_ _m_ m qm jm m_ _ Jm m_ _ m m mm _ mo qm _ d_m Nm _ m_ my, _ NI _mlm mm immm mm mm m m _ Im _ Nm _ _m ,m

S
"! B Disributed Rmetstanoe Model for Distributor Plste

_i $ XI-Direotion

DI STR IBUTED RES ISTANCE GAS
" LOSS FACTOR 908.0

Xl RANGE 15 I 18 5 0 0 30 48 0 0 30 48
.¢_ " • . • Q •

$
$ X2-Direotion

"-' DISTRIBUTED RESISTANCE GAS
LOBS FACTOR 100000.0
X2 RANGE 15.1 17.9 O.0 30.48 O.0 30.48

: $
DISTRIBUTED RESISTANCE GAS

" LOSS FACTOR I00000.0
" X3 RANGE 18.1 17.9 0.0 30.48 0.0 30.48

$
•, $

_ $ Windbox Resistanoe = E_gun'm Correlation
"_ $ with : i) stationary eollds,ll) Dp = .3 ore,

$ iii) Void = .4
':'_ $
,_ $ X1-Direotlon

$

_ISER DEFINED RESISTANCE GAS
:_ RESISTANCE NL?dBER 3
_ XI RANGE 10.0 14. 0.0 30.48 0.0 30.48

, $ X2-Direot ion

USER DEFINED RESISTANCE GAS
r RESISTANCE NUMBER 3
_ X2 RANGE 0.0 14.5 0.0 30.48 0.0 30.48

$
_ $ X3-Direction

$
....USER DEFINED RESISTANCE GAS

RESISTANCE NUMBER 3

x3 ,aE o.o 14.5 o.o s0.4eo.o 3o.48
CONTROL

I!'$ ..... Congro i Paragraph .......
$
$ Print & Data Output Control

PRINT OFF
PRINT P FINAL

_ ,
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UIG FINAL
PRINT U18 FINAL _.
PRINT U2G FINAL
PRINT U2S FINAL _

PRINT U3G FINAL
PRINT U3S FINAL

$
$ Progr_n Execution & Timestep
$
TIME STEP .0001 "

/

MAXIMUM TIME STEPS I0
$
$ Iteration & Relaxation Parameters v

MAXIMUM MICRO ITERATIONS 10
MAXIMUM MACRO ITERATIONS 100 .
$

$ Convergence & Solutlon Parameters
$
MASS CONVERGENCE CRITERIA .00005
MAXIMUM VO ID .999
POST PROCESSOR DATA -_

SAVE ALL 2000

PERMEABILITIES

$ ..... Pc r o s i t 7 / P e _me ab i 1 i t y ........... _.
$ Paragraph
$ •

Set to 1.0
6_

SETI
SET2

SET3 _
POROSITY I.0

SETI
SET2

SET3
XI-PERMEABILITY 1.0
X2-PERMEABILITY 1.0
X3-PERMEABILITY 1.0

$
$ Set Distributor Plate Perm very low in X2 & X3 Direction

SETI 3, 3
SET2 2, 13

SET3 2, 5
X2-PERMEABILITY O.001
X3-PERMEABILITY 0.001

SET1 2, 2
SET2 2, 13

SET3 2, 5
POROS ITY O.4

\
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$
$ ..... Initialization Parajraph .......
S
S
S Initialize Pressure Field Based on Min Fluidization Condition

., $
MINIMUM FLUIDIZATION 1

$ Set velooltles & voids throujhout field
$
8ETI

SET2
SET8

UIG 0.0
Ui8 0.0

i U2G O.0
U28 O. 0

_'_ U3G O.0
U38 O.0
VFRG I.0
VFRS O.0

$
$ get Inlet Pressure
S
SETI I. I

SET2 1, 14
SETS I, 5

P 76200.

$ Set Inflow Gas Velocity to Plenum

_._ SET1 1, 2
SET2 2. 13

_ SET3 2. 4
UIG 27.0

mm

"_" $ Set Inflow Gas Velocities in Plenum & Plate
$
SET1 3, 4

.... SET2 2, 13
SET3 2, 4

.... UtG 27.0
$ +++++++++++++++++.++++++.++++++++++++

_'_ $

._._ $ Set Gas Velocities in Bed
S

• SET1 5, 20
SET2 2, 13

'_/" SET3 2, 4
UIG 62.0

$
i

C-7

L



- ® ouL, uas vs_oo_os _n _oove UOa ....

SET1 21. 35 a,
SET2 2. 13

GET3 2, 4
UIG 27.0

$
$
$ initialize Void Fraotlons in Bed _I

SET1 4. 19
SET2 1. 14

SET3 1. 6 L
VFRG . 404

VFRS .59e$
$ Got Volooities & Voids at Blookod sells
$ r
GET1 12. 14

SET2 2, 2 _
SET3 2, 4

U1G 0.0 ,""
%

SET1 12, 14
SET2 ?, 8

SET3 2, 4 LuIG 0.0
$
SET1 12, 14

SET2 13. 13
SET3 2, 4

UI(;I 0.0

1 16, 17 _
SET2 4. 5 *

UIG 0.0
$
SI_l 15, 17 _'

SET2 10, 11
SET3 2. 4

UIG 0.0 .

$ ,:&.,

$
SET1 12, 13 .

SET2 2, 2 '
SET3 2. 4

VFRG O.0
$
SET1 12, 13 L

SET2 7, 8
SET3 2. 4 =

VFRG 0.0 _:

SET1 12, 13
SET2 13. 13 ii"_

r
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VW& VmW ....... _-_-_ ...._ --_- .......

$
$
SR"I'I 15, 16

,, S_2 4 , 5
8_3 2. 4

VFRG O.0

SET1 15, 16
.. SET2 10 , 11 J

SET3 2. 4
' VFRG O.0

FLOPLAG8
$
$ ..... Ce I I Flail Par a| raph .......

i $ Bet all to froe flow oolls IFLO =
SET1

8_T3
GAS 1
SOLIDS 1

S
$ Inflow Ceils For Gas Phase IFLO = 2
$

j SET2 2, 13
SET3 2, 4

GAS 2
$ Constant P=esnuro Outflow Cells Fo_ Gas Phase IFLO = 4
$
SET I 35 , 35

SET2 2, 13
SET3 2. 4

•- GAs 4

$ No Flow Solids Cells in Windbox & Distrlbuto_ Plate

SET1 2, 3
" SET2 2, 13

SET3 2, 4
..... SOLIDS 0

$ No Flow Cells Fo_ Solids Phase at Non-Blocked Surfaces, IFLO = 0

8ETI I. 1
SET2 2. 13

_, SET3 2. 4
SOLIDS 0

,_,. SET1 35 , 35
SET2 2, 13

_.; C-9



.... w.-._..,_ .................
SOLIDS 0

$ Gas & Solids Sllp/ No-Slip Condltona Alonm Boundaries
$

e_

$ Lower X2 - Boundary
,. $ Gas : No-Bllp , IFLO = -3

$ Soiids : Partlal-Sllp IFLO = -2

SET1 l, 35
SET2 1. t
SETS 2, 4 r"

GAS -3 t'
SOLIDS -2 _"

$
$ Upper X2 - Boundary
$ O&m : No-Slip , IFLO : -3
$ Solids : Partial Slip , IYLO :-2
$
8ETI 1, 35

SET2 14, 14
SET3 2, 4

GAS "3
80LIDS -2 "-

$
$ Upper X3 - Boundary r
$ Gas : No-81ip , IFLO : -3
$ Solids : Partial 811p , I_LO : -2

SET1 1, 35 _..
SET2 i. 14
SET3 5, 5

GAS -3 _:SOLIDS -2
$
$ Lower X3 - Boundary _"
$ Gas : No-Slip . IFLO = -3
$ Solids : Partial Sllp . IFLO =-2

SET1 1, 35
SET2 1, 14 "

SET3 1, 1
GAS -3
SOLIDS -2 _.

$
$ Boundary Conditions at Tubes "

$ Gas : No-Sllp , 111_) : -3
$ Solids : Partlml-Slip , IFLO : -2 ,,

$ Tube # 1
SET1 12, 13

SET2 2, 2 _:
SET8 2, 4 L

GAS -3
SOLIDS -2 !.-

i

C " p,

w

c-I0



8_I 12, 13
SET2 7 , 8
SET3 2, 4

•" GAg -3
SOLIDS -2

S Tube _ 3
' SETI 12, 13

SET2 13, 13
!' SET3 2, 4
i GAS -3

SOLIDS -2

$ Tube _ 4
SET1 15, 18

SET2 4, B
- SET3 2. 4

GAS -3
_ SOLIDS -2

$
S
$ Tube # 5
SET1 15, 18

SET2 10, 11
..: SET3 2, 4

GAS -3
.. SOLIDS -2

'_ End Data Sel;

?



+++++++++++++++.++++ FORCE2 Input , Restart _n ++++++++++++++++

1

o.

C-12



--. $ 3-D Model, Tubes modelled with 2X2 Bloaked cells
$ Bed Modelled with Blocked Celia

$ Umf = 27 cm/s (Approx)
" $ Utest = 52'0 cm/e

$ Bed Material : Rho = 2.49, D= (425 +800)/2 Microns

$ Model Includes Windbox & Distributor Plate

$
. RESTART SAVE
_: TITLE 3-D CAPTF Bed with Tubes

- FLOW

$ ..... Flow Pard graph

TRANSIENT
- $

CONTROL
$
$ ..... Cont ro I Paragraph .......
$

_. $ Print & Data Output Control
S

_ PRINT OFF
" PRINT UIG FINAL
": PRINT UIS FINAL
.__INr U2a FINAL
_PRINT U2S FINAL
• PRINT U3G FINAL

PRINT U3S FINAL
:_ PRINT VFRG FINAL

$
_ $ Program E_=ecution & Timestep

S
-' TIME STEP .0001

MAXIMUM TIME STEPS 30700
POST PROCESSOR DATA

.... SAVE ALL 3
SAVE SELECTED VARAIABLES 2

_" STORE P AT 2, 9, 3
STORE P AT 17, 9, 3
STORE UIG AT 4, 9, 3

.....STORE UIG AT 7, 8, 2
STORE UIS AT V, 6, 2, ,

.- sToRE V_U AT _i,e, 4
STORE VFRG AT 14, 9, 2

i i, STORKU3S A_ 8, e, 4
i, ,._

INITIAL

, ,
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$ Initialization Paragraph .......

$
$ Initialize Pressure Field Based on Hin Fluidization Condition

$ Set Inlet Pressure _:
!_,

SET1 i, I

sE 2 I,
SET3 I, 5

P 76200.
$
$ Set Inflow Gas Velocity to Plenum _;_

$
SETI 1, 2

SET2 2, 13
SET3 2, 4

UiG 52.0 "
$ ..... i

$ :
$ End of Data i

°.
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(" +++++++++++++++ Poet Proceesor Boundary Data File +++++++++++++++ ,
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1 11 1 5 1 O0 0 0 1 0 0 30 48
1 30.48 30.48 1 30.48 0.0 _,J
i 0.0 0.0

12 13 1 5 1 0.0 0.0 t 0.0 30.48 ,_
" I

1 2.54 30.48 1 2.54 0.0
1 0.0 0.0

( 12 13 2 5 1 12.? 0.0 1 12.7 30.48
1 17.78 30.48 1 17.78 0.0 :..
1 12.7 0.0

12 13 3 5 1 2?. 94 0.0 1 27.94 30.48
1 30.48 30 48 1 30 48 0 0" " " _i.
1 2? 94 0 0

12 13 4 5 1 0.0 0.0 1 0.0 30.48
1 30.48 30.48 1 30.48 0.0 r
1 O. 0 O. 0 ;i.::

14 14 1 5 1 0.0 0.0 1 0.0 30.48 _"
1 30.48 30.48 1 30.48 0.0

_°

1 0.0 0.0 :.
14 14 2 5 1 O.0 O.0 1 0 .0 30.48 ':i

1 30.48 30.48 1 30.48 0.0
1 0.0 0.0 '._

15 16 1 5 1 5.08 0.0 1 5.08 30.48
1 10.18 30.48 I 10.16 0.0
1 5.08 0.0 :-.

15 18 2 5 1 20.32 0.0 I 20.32 30.48 i_
1 25.4 30.48 1 25.4 0.0 _
1 20.32 0.0

15 18 3 5 1 0.0 0.0 1 0.0 30.48
1 30.48 30.48 1 30.48 0.0
1 0.0 0.0

17 35 1 5 1 0.0 0.0 I 0.0 30.48 _

1 30.48 30.48 1 30.48 0.0 _1 0.0 0.0

2 9 3 5
2 2 1 5 2 0.0 0.0 I 0.0 30.48 _

3 114.52 30.48 1 114.52 0.0 _:
2 0.0 0.0

2 2 ' 2 5 1 15.0 0.0 1 15.0 30.48
1 18.0 30.48 1 18.0 0.0 _
1 15.0 0.0

2 2 3 5 1 38.32 0.0 1 38.32 30.48 _"

1 43.4 30.48 1 43.4 0.0 i,
1 38.32 O.0

3 3 1 5 2 0.0 0.0 I 0.0 30.48
3 114.52 30.48 1 114.52 0.0 _'
2 0.0 0.0 "-

3 3 2 5 1 15.0 0.0 1 15.0 30.48
1 18.0 30.48 1 18.0 0.0 _
1 15.0 O.0 _

4 5 1 5 1 E5.94 0.0 1 45.94 30.48
1 51.02 30.48 1 51.02 0.0
1 45.94 0.0 ;:

4 5 2 5 2 0.0 0.0 1 0.0 30.48
3 114.52 30.48 1 114.52 0.0
2 0.0 0.0 i_

If _ • .'7,''

L
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f ZS.0 O.O .....
6 6 1 5 2 0.0 0,0 1 0,0 30,48

3 114,52 30.48 1 114.52 0.0
2 0.0 0.0

T

6 6 2 5 1 15.0 0,0 I 15.0 30,48
,r 1 18.0 30.48 1 18.0 0.0

1 15.0 0.0
' ? 8 1 5 1 38.32 0.0 1 38,32 30.48

1 43.4 30.48 1 43.4 0.0°,

1 38,32 0.0
? 8 2 5 2 0.0 0.0 1 0.0 30.48

! 3 114.52 30.48 1 114.52 0.0
-_ 2 0.0 0.0

? 8 3 5 I 15.0 0.0 1 15,0 30.48
1 18,0 30.48 1 18.0 0.0
1 15.0 0.0

9 9 1 5 2 0.0 0,0 1 0.0 30.48
- 3 114.52 30.48 1 114.52 0,0

2 0,0 0.0
9 9 2 5 1 15.0 0.0 1 15.0 30.48

1 18,0 30.48 1 18,0 0,0
1 15.0 0.0

10 11 1 5 2 0.0 0.0 1 0,0 30.48
3 114.52 30.48 1 114,52 0.0

" 2 0,0 0.0
10 11 2 5 1 15.0 0.0 1 15.0 30,48

1 18.0 30.48 1 18.0 0,0
-, 1 15.0 0 0
.,

i 10 11 3 51 45.94 0,0 1 45.94 30.48
" 1 51.02 30.48 1 51.02 O.0
,_,_ 1 45.94 0,0

12 12 1 5 2 0.0 0.0 1 0.0 30.48
3 114.52 30.48 1 114.52 0,0
2 0.0 0.0

;; 12 12 2 5 1 15.0 0.0 1 15.0 30.48
1 18.0 30.48 1 18.0 0.0
1 15.0 0.0

_ 13 13 1 5 2 0.0 0,0 1 0.0 30,48
3 114.52 30.48 1 114.52 0.0

": 2 0.0 0.0
13 13 2 5 1 15.0 0,0 1 15.0 30.48

1 18,0 30.48 1 18,0 0.0
1 15.0 0,0

13 13 3 5 1 38.32 0.0 1 38.32 30.48
1 43.4 30,48 1 43.4 0.0
1 38.32 0.0

•" 3 1 7 5
, 1 5 1 5 2 0,0 0,0 1 0.0 30.48
'_ 3 114,52 30.48 1 114.52 0.0
.... 2 0.0 0.0

1 5 2 5 1 15.0 0,0 1 15.0 30.48
I 18,0 30.48 1 18.0 0.0

_: 1 15,0 0.0
I 5 3 5 1 38,32 0.0 I 38.32 2.54
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I 43.4 2.54 1 43.4 0.0 _
1 38.32 0.0

1 5 4 5 1 38.32 12.7 1 38.32 17.78 ,i
1 43.4 17.78 1 43.4 12.7
1 38.32 12.7

1 5 5 5 1 38.32 27.94 1 38.32 30.48 _
1 43.4 30.48 I 43.4 27.94
1 38.32 27.94

1 5 6 5 I 45.94 5.08 1 45.94 10.16
1 51.02 10.16 1 51.02 5.08 _
1 45.94 5.08

1 5 7 5 1 45.94 20.32 1 45.94 25.4
1 5i.02 25.4 1 51.02 20.32
I 45.94 20.32

CAPTF 3-D Bundle Geometry File

_.

f _-

ii
"_L.
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Notioe

The FORCE2 computer program may be obtainedfrom:

Energy Science and Technology SoftwareCenter
P. O. Box 1020
Oak Ridge, TN 3"]833

Telephone (615) 576-2606
FAX (615) 576-2865
E.MaiI:ESTSC@ADONIS.OSTI.GOV






