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IMPORTANT -- PLEASE READ CAREFULLY BEFORE USING THIS SOFTWARE 

SOFTWARE LICENSE AGREEMENT 

Please read this license agreement before using this SOFTWARE. This agreement is a legal contract between 
you (the CUSTOMER) and Analytic & Computational Research, Inc. (ACRi) governing the use of this 
SOFTWARE. Your first use of this SOFTWARE indicates your acceptance of the terms of this agreement. 
Please note that in some instances, the software license is on an annual basis and you must pay an annual 
fee for continued use of the SOFTWARE. If an annual fee is applicable, this will be conveyed to you at the 
time of purchase and be indicated on your invoice or in a License Agreement. If you do not wish to comply with 
the terms of this agreement, return the SOFTWARE within 30 days and your money will be refunded. If you 
have any questions concerning this agreement, please contact ACRi, attn. Software Sales, 1931 Stradella 
road, Bel Air, CA 90077 or call (+1) (310) 471-3023 or send us email at sales@acriCFD.com. 

1. CUSTOMER may use the SOFTWARE on a single-user computer or a single terminal or workstation 
of a multi-user computer or network. Each installation, terminal or workstation must be separately 
licensed by ACRi. 

2. CUSTOMER may not sublicense, assign, rent, lease or transfer the software or license to another 
party without the explicit written consent of ACRi. The software is licensed to the CUSTOMER as the 
END USER. CUSTOMER may not use the SOFTWARE for the purposes of another party or use the 
SOFTWARE for performing simulations for, or consulting with, another party that result in derived 
income for the CUSTOMER without obtaining explicit written consent of ACRi and without paying a 
royalty of 15% on such income. 

3. CUSTOMER may not incorporate, or allow another party to incorporate the SOFTWARE, in whole or 
in part, in any other software. 

4. CUSTOMER's license to use the SOFTWARE becomes effective only after the CUSTOMER has paid 
all amounts which are agreed to by the CUSTOMER and the CUSTOMER has received written 
notification from ACRi that the LICENSE is now active. 

5. This AGREEMENT is effective until terminated. 

6. This AGREEMENT is subject to immediate termination if CUSTOMER violates any of its provisions. 

7. In the event of termination of this AGREEMENT, CUSTOMER shall discontinue all further use of the 
SOFTWARE and return all copies of the SOFTWARE and documentation supplied by ACRi. 

8. Upon termination, customer shall provide written notice that all use of the SOFTWARE has ended. 

9. ACRi warrants that the diskettes or electronic files containing the SOFTWARE and accompanying 
documentation are free of defects in materials and workmanship for a period of 30 days from the date 
of purchase. In the event of notification of any physical defects in diskettes or documentation, ACRi 
will replace the defective diskettes and documentation. 

10. ACRi disclaims all other warranties, expressed or implied, including but not limited to implied 
warranties of fitness or usefulness for a particular purpose, either with respect to defects in the 
diskettes, and documentation, or with respect to any defects of coding and logic in the SOFTWARE, 
even if such defects are known to ACRi or have been brought to ACRi's attention. 

11. ACRi will not be liable to CUSTOMER, or any other party, for consequential loss or damages arising 
from the use, operation, or modification of the SOFTWARE by CUSTOMER. ACRi will not be 
responsible for any loss, damage, or claim resulting from reliance by CUSTOMER or any other party 
on results obtained by use of the SOFTWARE. 

If any provision of this AGREEMENT shall be unlawful, void, or for any reason unenforceable, then that 
provision shall be deemed severable from this AGREEMENT and shall not affect the validity and enforceability 
of the remaining provisions of this AGREEMENT. 
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WARRANTY 

 

No warranty expressed or implied, is provided that 

this document is complete or accurate in all respects. 

The information contained in this document, and the 

software that it describes, are subject to change 

without notice. 

 

 
 

NOTICE 

 

The ACRi Software Tools contain multiple options 

which are described in this document.  Which of these 

options is actually present in your installation of the 

Software Tool may depend upon the type of contract 

under which the software was acquired. If you have 

any questions about the presence or absence of a 

particular option, please contact ACRi. 
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PREFACE 

 
During the past 30 years, ACRi Software Tools ANSWERÊ, PORFLOWÊ, TIDALÊ and CFDStudioÊ, have 
evolved from simple mathematical models for flow and heat transfer into comprehensive Computational Fluid 
Dynamics Software Tools for analysis of a wide range of engineering and environmental applications for a 
wide range of problems. These tools provide for coupled transport of fluid, heat and multiple chemical species 
in complex geometry. These are able to simulate the transient or steady state behavior of compressible or 
incompressible fluids in diverse host media and multiple phases with chemical reactions, combustion and 
other complex physical processes.  

ANSWERÊ is a General Purpose CFD package based on the Navier-Stokes Equations. It has been used to 
analyze problems as diverse as low pressure film deposition, cooling of electronic components, automobile 
fluid dynamics, ventilation of tunnels, HVAC design optimization, analysis of process tanks, design of ramjets 
and aircraft engines, and missile launch tube simulations, lubrication of bearings, and performance of high 
Mach number missiles. 

PORFLOW
TM  software tool simulates flow in porous and or fractured media based on Darcy Equation. It has 

been used to analyze problems as diverse as salinity intrusion into fresh water aquifers and remediation of 
hazardous waste sites. It has been used to evaluate pumping of an aquifer over a period of days, remediation of 
waste sites over a period of years, corrosion of waste canisters over tens of years, and transport of contaminants 
from nuclear waste over a time span of hundreds of thousands of years. 

TIDALÊ is based on the Shallow Water Equations and has been used to analyze a wide range of problems 
including impact of Tsunamis and hurricanes, pollution management of coastal waters, design of marinas, 
optimization of water treatment outfall locations, transport of oil spills and impact of offshore oil terminals on 
coastal ecosystem. 

ACRi Software Tools have evolved with the user's needs to provide a flexible format that is bound neither to 
a specific algorithm, nor to a particular methodology. Rather, these provide a framework that facilitates 
experimentation. The user can change numerical schemes, solution method, matrix inversion algorithms, or 
any of the physical or mathematical features. Two features deserve special mention: generality of applications, 
and ease of use provided by the conversational FREEFORMÊ command language. These have enabled 
ACRi Software Tools to emerge as leading software in their field of application. 

ACRi Software Tools are distinguished by the diversity of users. These include commercial, research and 
educational organizations in over 20 countries. Among our users are AECL (Canada), Aerospatiale (France), 
Allison Gas Turbine, ANDRA (France), ASCI, S.A. (Spain), BAe-Sema (U.K.), Battelle Pacific Northwest 

Laboratory, C.N.I.M. (France), Department of Education (Mexico), Fluor Daniel, GERPY (FRANCE), General 
Electric Company, Idaho National Engineering Laboratory, James M. Montgomery, Lam Research Corporation, 
Lockheed Martin, Marquardt Company, National Aeronautical and Space Administration, Oak Ridge National 

Laboratory, Renault (France), Rockwell, Savannah River Laboratory, SCK-CEN (Belgium)SNECMA (France), 
Southwest Research Institute, University of California, US Air Force, US Army, US Navy, U.S. Department of 
Energy, U.S. Nuclear Regulatory Commission, U.S. Geological Survey, Watkins-Johnson, Westinghouse 

Corporation, WS Atkins (UK), and a number of other commercial organizations.  

Hundreds of publications and project reports on the applications, benchmarking, and verification of ACRi 
Software Tools are currently available. ACRi Software Tools 

has been extensively peer-reviewed and these 

details are available both on the internet and as well as from our website.  

ACRi Software Tools rely on the numerical solution of complex mathematical equations. Some familiarity with 
the strengths and weaknesses of mathematical and numerical algorithms is highly recommended. Every 
attempt has been made to provide the necessary information for satisfactory use of ACRi Software Tools  in 
this manual. As is the case for any software of this type, it is not possible to anticipate all questions and users' 
requirements. In addition to this manual, we also provide training and support in the use of the software. For 
additional questions and inquiries, please contact: 

Analytic & Computational Research, Inc. (ACRi). 
1931 Stradella Road, Bel Air, California, 90077 
Email: techsupport@ACRiCFD.com Phone: +1 310-471-3023 
Web: www.ACRiCFD.com & www.acri.fr 

 Akshai Runchal 
 Bel Air, California 

mailto:techsupport@ACRiCFD.com
http://www.acricfd.com/
http://www.acri.fr/
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NOTATION 

 

Symbol MEANING UNITS 

  GENERIC SI FPS 

a A constant or exponent various various Various 

aR Absorptivity coefficient L
-1

 1/m 1/ft 

b A constant or exponent various various various 

c A constant or exponent various various various 

c Speed of sound L t
-1

 m/s ft/s 

CD Drag coefficient ----- ----- ----- 

CP Specific heat L
2
 t

-2
 T

-1
 J/(kg K) BTU/(lbm°F) 

E Black body radiation energy M t
-3

 W/m
2
 BTU/ft

2
 

f A frequency t
-1

 1/s 1/s 

F General transport variable various various various 

g Gravitational acceleration L t
-2

 m/s
2
 ft/s

2
 

h Enthalpy L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

h
o
 Enthalpy of formation of a species L

2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

hs Stagnation enthalpy L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

HR Heat of reaction L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

I Radiation intensity M t
-3

 W/m
2
 BTU/ft

2
 

k Kinetic energy of turbulence L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

m Rate of injection of fluid per unit 
volume 

M L
-3

 t
-1

 kg/(m
3
s) lbm/(ft

3
s) 

m Mass fraction of a species ----- ----- ----- 

M Molecular weight M mol
-1

 kg/mol lbm/mol 

N Coordinate normal to a boundary L m ft 

Nsn Density of soot nuclei L
-3

 1/m
3
 1/ft

3
 

Nss Concentration of soot particles M L
-3

 kg/m
3
 lbm/ft

3
 

P Thermodynamic pressure M L
-1

 t
-2

 N/m
2
 lbf/ft

2
 

PR Reference value of Thermodynamic 
pressure 

M L
-1

 t
-2

 N/m
2
 lbf/ft

2
 

Pk Rate of production of turbulent energy M L
-1

 t
-3

  W/m
3
 BTU/(ft

3
s) 

r Radius of curvature L m ft 

R Radiation  flux M t
-3

 W/m
2
 BTU/ft

2
 

 
... Notation continued 
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NOTATION - Continued 
 

Symbol MEANING UNITS 

  GENERIC SI FPS 

R Gas constant L
2
 t

-2
 T

-1
 J/(kg K) BTU/(lbm °F) 

Re Reynolds number ----- ----- ----- 

RU Universal gas constant L
2
 t

-2
 T

-1
 J/(kg-mol K) BTU/(lbm-mol R) 

s Reaction or decay rate of a property M L
-3

 t
-1

 kg/(m
3
 s) lbm/(ft

3
 s) 

sR Scattering coefficient  L
-1

 1/m 1/ft 

S Source of a fluid property various various various 

t Time t s s 

T Thermodynamic Temperature T K R 

Ta Convert temperature to absolute units T K R 

Tc Critical temperature of the fluid T K R 

uu Autocorrelation of U L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

U Fluid velocity in x-direction L t
-1

 m/s ft/s 

vv Autocorrelation of V L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

V Fluid velocity in y-direction L t
-1

 m/s ft/s 

Vi Velocity in i
th
 direction L t

-1
 m/s ft/s 

ww Autocorrelation of W L
2
 t

-2
 m

2
/s

2
 ft

2
/s

2
 

W Fluid velocity in z-direction L t
-1

 m/s ft/s 

x x-coordinate L m ft 

y y-coordinate L m ft 

z z-coordinate L m ft 
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GREEK SYMBOLS 
 

Symbol MEANING UNITS 

  GENERIC SI FPS 

Ŭ A coefficient various various various 

ɓ A coefficient various various various 

ɔ Ratio of specific heats ----- ----- ----- 

ũ Diffusion coefficient M L
-1

 t
-1

 kg/(m s) lbm/(ft s) 

Ů Rate of dissipation of turbulence 
energy 

L
2
 t

-3
 J/(kg s) BTU/(lbm s) 

Ů A small quantity ----- ----- ----- 

ɗ Angular coordinate radian radian radian 

ə Von Karman Constant ----- ----- ----- 

ɚ Decay rate constant t
-1

 1/s 1/s 

ɛ Fluid viscosity M L
-1

 t
-1

 kg/(m s) lbm/(ft s) 

ɟ Fluid density M L
-3

 kg/m
3
 lbm/ft

3
 

ů Prandtl or Schmidt number ----- ----- ----- 

ů Stefan-Boltzman constant M t
-3

 T
-4

 J/(m
2
 s K

4
) Btu/(ft

2
 s R

4
) 

Ű Shear stress M L
-1

 t
-2

 N/m
2
 lbf/ft

2
 

ű Density-related variable M L
-3

 kg/m
3
 lbm/ft

3
 

Eű  Equivalence ratio ----- ----- ----- 

ɢ Fuel fraction in fine or ambient scale of 
flow 

----- ----- ----- 
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SUBSCRIPTS 
 

SYMBOL PERTAINING TO 

e Effective value of a fluid property 

ū Fluid property F 

i The i
th
 coordinate direction or i

th
 phase 

inj Injected fluid 

j The j
th
 coordinate direction or j

th
 phase 

k The k
th
 coordinate direction or k

th
 phase 

t Turbulent state of fluid 

t The time coordinate 

w The wall 

x The x direction 

y The y or r direction 

z The z or q direction 

 
 

SUPERSCRIPTS 
 

SYMBOL PERTAINING TO 

ū Pertaining to property ū 

j Pertaining to the j
th
 coordinate direction or j

th
 phase 

t Pertaining to the time coordinate 

* Approximate or reference value of a variable 

' Variation in the value of a variable 

n Pertaining to the n
th
 fluid or the n

th
 chemical species 

k Pertaining to the k
th
 time step 
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CHAPTER 1 

ACRi FREEFORMÊ COMMAND LANGUAGE 

 

ACRi FREEFORMÊ command language, developed by Analytic & 

Computational Research, Inc. (ACRi), provides a simple and easy to use 

user interface for complex software packages through a set of 

conversational, English-like commands. These commands are free of 

any requirements of format or hierarchy except those naturally arising 

from the nature of the input. These provide for interactive input or 

emulate the interactive input in batch mode. Since the input commands 

are in conversational English-like language, FREEFORMTM  provides a 

very powerful tool to perform Quality Assurance (QA) and ensure that 

the input correctly reflects the intended problem specification. 

All ACRi Software Tools including ANSWERÊ PORFLOWÊ and TIDALÊ 

employ the FREEFORMÊ command language. In addition  the 

CFDStudioÊ provides a flexible, simple to use, versatile pre-and post 

processor Graphical User Interface (GUI). The CFDStudioÊ allows the 

user to build grids painlessly and display the computed results in a 

variety of graphical images. The software is written in a mix of 

FORTRAN, C, C++, JAVA and HTML languages and is essentially 

independent of any specific platform. 
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1.1 FREEFORMÊ INPUT RECORDS 

The FREEFORMÊ Input is specified through three types of records: KEYWORD, CONTINUATION and 
COMMENT records. These are described below. 

 
 

1.1.1 Keyword Record 

Function To specify the numeric and character data. 
 
Structure 
 

§ A keyword record must begin with a keyword. 

§ Only one keyword per record is allowed. 

§ Modifiers and numerical fields may follow the keyword. 

§ Comment, separator, or terminator fields must separate all the keyword, the modifiers and the numerical 
fields from each other. 

§ Any character or numeric data on a keyword record after the first occurrence of a terminator are ignored. 

 

1.1.2 Continuation Record 

Function To continue numeric and character input started by a previous keyword record. 
 
Structure 
 

§ A continuation record must begin with either a separator or a numeric character as the first character of 
the record.  It must not begin with an alphabetic ('A' through 'Z' or 'a' through 'z') character as the first 
character of a record. 

§ A continuation record may only occur after a keyword record for that group. 

§ A continuation record must consist only of a combination of modifiers and numerical fields separated from 
each other by separators. 

§ Any character or numeric data on a continuation record after the first occurrence of a terminator is 
ignored. 

§ Any number of continuation records may follow a keyword record. 

 

1.1.3 Comment Record 

Function To enhance the clarity and readability of the input. 
 
Structure 
 

§ A comment record must begin with a back-slash (/), asterisk (*), dollar ($) or exclamation (!) character in 
the first column of a record.  Any combination of characters may follow the first character. 

§ A comment record is not processed. No numerical or character data are extracted; the record is merely 
written to the output file.  

§ A comment record cannot be extended by a continuation record. 

§ A comment record can be inserted anywhere in the input. 
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1.2 ELEMENTS OF INPUT RECORD 

One or more of the following seven basic components comprise an input record: KEYWORD, MODIFIER, 
NUMERIC, SEPARATOR, TERMINATOR, COMMENT and PROMPT fields.  These are described below. 

1.2.1  Keyword 

Function The keyword identifies the input group. 

Structure 

§ The keyword may consist of any characters except separator (Section 1.2.4) or terminator (Section 1.2.5) 
characters. However, the first character of a keyword must be alphabetic ('A' through 'Z' or 'a' through 'z'). 
To this extent, the concept of a keyword is similar to that of a variable name in FORTRAN. 

§ The keyword may be in upper or lower case. 

§ A keyword must begin in the first column of a record unless a command with INDENT keyword occurred 
before the current keyword. In this case, leading blanks may precede the keyword. The INDENT option is 
deactivated if a command with INDENT OFF is encountered  

§ The keyword is terminated with the first occurrence of a valid separator or terminator character. 

§ The keyword may consist of 1 to 256 characters. In general, if there are more than four characters, only 
the first four are considered meaningful and machine-identifiable. However specific exemptions may exist 
where more than 4 characters are meaningful and these are identified as needed. 

EXAMPLES  

ABCD, A123, A&B+, A&B. are all valid examples of a keyword. The keyword specifications of ABCD, abcd, 
ABCDEFGH, AbCd123, ABCDxxxxxxx (where x stands for any character) are all equivalent because only the 
first four characters are significant and the input is case-insensitive. 

1ABC, 567, (abc, 'abc, .abc are all invalid keywords since the 1
st
 character in all of these is not alphabetic. 

Note that a specification of ABC) or ABC', ABC$, although valid, is equivalent to that of ABC because the last 
character in all of these examples is either a separator (Section 1.2.4) or a terminator (Section 1.2.5). 
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1.2.2 Modifier 

Any character information on an input record following a keyword, except that embedded in a numeric or 
comment field (see Sections 1.2.3 and 1.2.6), is treated as modifier(s). 

Function To specify character data that helps in interpretation of the rest of the input data  

Structure 

§ A modifier in any input group, if present, must follow the keyword. 

§ The modifier is identical to the keyword in its structure. It may consist of any characters, except separator 
and terminator characters, of which the first character must be alphabetic. 

§ A modifier must not start in the first column of a record.  It can be from 1 to 32 characters in length; In 
general, if there are more than four characters, only the first four are considered meaningful and machine-
identifiable. However specific exemptions may exist where more than 4 characters are meaningful and 
these are identified as needed. 

§ The modifier must be separated from the keyword, other modifiers and numeric data by a valid separator, 
terminator or comment field. 

EXAMPLES  

The structure of a modifier is identical to that of a keyword except that it must not start in the first column of a 
record. Examples are given in Section 1.2.1 
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1.2.3 Numeric Field 

Any numeric characters on a keyword or continuation record following a keyword, except those embedded in a 
keyword, modifier or comment field (see Sections 1.2.1, 1.2.2 and 1.2.6), are treated as numeric data. 

 
Function A numeric field contains numeric data for input variables. 

Structure 

§ A numeric field is a continuous string of characters that must begin with the numeric character set.  In this 
context, the numeric character set consists of the numerals (0-9), the decimal point (.), and the plus (+) 
and minus (-) operators. 

§ A numeric field must consist only of the numeric character set defined above, the asterisk (*), and the 
exponent in lower (e, d) or upper (E,D) case.  It must not contain any other character. 

§ The plus (+) or minus (-) sign, if present, must immediately precede the numerical value without any 
intervening blank or other characters. 

§ The asterisk (*) or the exponent (E, D, e or d), if present, must be embedded; the numeric field must not 
begin or end with one of these characters. 

§ A numeric field must be separated from the keyword, modifiers and other numeric fields by a valid 
separator, terminator or comment field. 

§ Numeric field may be located anywhere on a keyword or continuation record. 

§ The numeric values may be specified in any of the following formats:  

¶ Integer, (e.g., 999),  

¶ Real (e.g., 999.0, 999.)  

¶ Exponent (e.g., 9.99E2, 1.2349E1, 9.99D+01 or 1.2345d-01)  

§ Successive, repetitive, identical numeric values may be specified by the asterisk (*) option. Thus, (30., 
30., 30.) may be represented as (3*30. or 3*3.0E+1); embedded separators or non-numeric characters 
must not appear in such specification. 

EXAMPLES  

The input character strings, 1, 0.1234, .567, +123., -1.0005, 1.2e00, 1.35E0, and 3*1.2 are all valid examples 
of a numerical field. Input specifications of 123, 123., 1.23e02, +0.123E+3, 1.23D2, 1*123, 1*1.23E02 are all 
equivalent. 

The strings 1ABC, 11X11, 1+2, 11.., 1+1.E1 are all invalid numeric specifications.  In the first three, non-
numeric characters follow a leading numeric character, and in the last three, a valid numeric character occurs 
in an invalid, embedded location. 

Note that a specification of 1.2)2. or 1.2=2, although valid, will be equivalent to a specification of two numeric 
fields, 1.2 and 2 because of the embedded separator (Section 1.2.4) in both cases. A specification of 1.2$2 is 
equivalent to a specification of 1.2 because the 2 following the $ will be ignored (Section 1.2.5). 
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1.2.4 Separator Field 

Function To separate the keyword, the modifiers and the numeric fields of an input record. 

Structure 

§ Any string of characters on an input record, which consists only of the characters from the separator 
character set, is treated as a separator field. The set of separator characters may vary from one 
installation to another. The common recognized separator characters for all ACRi

TM
 Software are: 

Table 1.2.4.1:  Valid Separator Characters In FREEFORMÊ Language 
 

Number Character Description ASCII Sequence # 

1 ó ó Space or Blank 32 

2 ( Left parenthesis 40 

3 ) Right parenthesis 41 

4 , Comma 44 

5 : Colon 58 

6 ; Semicolon 59 

7 = Equal sign 61 

8 | Vertical Line 124 

9 Tab Horizontal Tab Character 9 

 
. 

EXAMPLES  

The sequence of characters  ';::  )), ======, =',  and ; are all valid separator fields.  However, (a) or (1) are not 
valid separator fields.  In the first case, the character "a" will be processed by FREEFORMTM as a modifier; in 
the second, the character "1" will be processed as a numeric field. 
 



FREEFORMÊ Command Language ACRiÊ Software Tools 

 

 

â ACRiÊ Software Tools - 24 - User Guide 

1.2.5 Terminator Character 

Function To terminate all input on a keyword or continuation record and to provide a vehicle for the user 
to insert comments on these records. 

Structure 

§ The dollar ($) and exclamation mark (!) characters are the only valid terminators. 

§ The terminator terminates the input for the keyword or continuation record on which it occurs; input 
associated with that particular keyword may continue on a continuation record which follows. 

§ The terminator may appear anywhere in a record. 

§ Any characters following the terminator on that input record are not processed but are treated as user 
comments and are merely written to the output file. 

EXAMPLES  

The character sequences: 

  XYZ        $comments now 
  !     any comments here 
  123.456    !789.123 

are all examples of sequences with embedded terminators. In the first sequence, XYZ will be treated as valid 
character data (either keyword or modifier, depending on its starting position on the input record) whereas the 
characters following $ will be ignored. In the second example, the complete sequence will be treated as 
comments. In the third example, the numerical field 789.123 will be ignored, whereas 123.456 will be treated 
as numeric data. 
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1.2.6 Comment Field 

Function To provide a vehicle for the user to insert comments in input to enhance the clarity and 
readability of the input. 

Structure 

§ A comment field may be in the form of an embedded comment or a comment record. 

§ An embedded comment field is one which occurs on a keyword or continuation record. It must begin with 
a terminator ($ or !) character. Any combination of characters may follow the terminator. The comment 
field is terminated at the end of the 256

th
 character in that record (Section 1.2.5). 

§ A comment field on a comment record may consist of any combination of characters. In this case, the 
comment field begins with the back slash (/), asterisk (*), or a terminator ($ or !) character as the first 
character and terminates with the 256

th
 character. 

EXAMPLES  

In the input record: 

 ARRAY = 1., 2., 3., 4., 5.                      $ EXAMPLE 1 

the character string "$ EXAMPLE 1" is an example of the embedded comment on a keyword record.  Input 
processing stops with the $ character; all characters on that record following, and including, the $ character 
are ignored. 

As examples of comment records, the character strings: 

 /ARRAY = 1., 2., 3., 4., 5.                      $ EXAMPLE 1 

 *  ARRAY = 1., 2., 3., 4., 5.                    - another EXAMPLE 

 !****////// ARRAY = 1., 2., 3., 4., 5.           $ another example 

will all be treated as comment records and no processing will be done because one of the comment record 
identifier characters appears as the first character of the input record. 
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1.2.7 Prompt Character 

Function To allow for interactive or runtime input of a partial or entire input record. 

Structure 

§ The user may insert a '?' in place of either an entire input record or numerical or character string in the 
input itself. The command interpreter will pause and prompt the user for input at this stage. 

§ The input obtained by the prompt may be comprised of one or more of the elements of an input record 
described in Sections 1.2.1 through 1.2.6. 

§ Any input specified by the prompt is inserted in the input command string starting with the location of the 
question mark symbol. 

§ All input in the original command string following the prompt in that record will be disregarded. 

§ The input for the prompt may consist of 1 to 256 characters depending on where the question mark 
symbol is located. The prompt will pause and display a message telling the user the maximum number of 
characters allowed. 

§ It is possible to avoid the message, referred to above, from being displayed by placing two question mark 
symbols in succession (eg. '??'). The command interpreter will still pause and wait for input, however it 
will not display a message. 

EXAMPLES  

In the input record: 

 SOLVe ?    ! Prompt user for input 

the character string '?' has the effect of pausing the command interpreter during run-time and displaying a 
message that asks the user for up to 74 characters of input, since the '?' appears in the 7

th
 location of the input 

record.  The comment '! Prompt user for input' will be overwritten by the input provided by the user at run-time 
or will be replaced by blank characters if the user input is less than 74 characters long. 

Alternatively the user may choose to write: 

 SOLVe ??   ! Prompt user for input without a message 

This input record has the same effect as above except no message is displayed. 
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CHAPTER 2 

INPUT AND OUTPUT OPTIONS 

ACRiÊ Software Tools consist of flexible and user-oriented software 

packages. The software employs CFDStudioÊ GUI for user interface.  

This GUI provides a very powerful, convenient and versatile  pre- and 

post-processor. Underlying the user interface is the FREEFORMÊ 

command language to provide an adaptable, simple to use and format-

free commands to communicate with the software.The structure and 

syntax of the command language are fully described in Chapter 1. The 

FREEFORMÊ command language is a "keyword"-oriented language. A 

complete discussion of the input and output options, and the keyword 

commands is given in chapter 7. The user controls the input and much 

of the operation of the program. Hence, the solution process can be 

modified during progression of the calculations by convenient user-

specified options. The output is largely controlled by the user, both in 

terms of its extent and its frequency. This chapter provides an 

introduction to the important input and output features of ACRiÊ 

Software Tools. 
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2.1 OVERVIEW OF KEYWORD COMMAND LANGUAGE  

The user input is divided into several groups. Each group is identified by a "keyword" command and may 
consist of one or more input records. Each input record must be no more than 256 characters long. Each 
input-record group, in addition to the keyword that identifies the group, may contain "numeric data", "modifiers" 
and "comments". Separator, terminator or comment fields must separate the keyword, numeric data and 
modifiers from each other. Comments may be embedded within input records to enhance the clarity and 
readability of the input. A detailed description of the FREEFORM

Ê 
command language is given in Chapter 1. 

 
The commands that constitute the I/O interface are listed in Table 2.1.1. These commands, and the modifiers 
and numeric data that are associated with them, are described in alphabetical order in Chapter 3.  Except for 
the geometry and grid of a problem, all other commands may be used repeatedly to accommodate problem 
requirements that change with time 
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TABLE 6.1.1:  KEYWORDS OF ACRiÊ SOFTWARE TOOLS AND THEIR FUNCTIONS 

NO. KEYWORD INPUT FUNCTION 

1 ACRI Select the ACRi Software Tool for Simualtions  

2 ADAPTIVE Refine the specified grid by to Adapt to the computational solution  

3 ADIABATIC Specify adiabatic external walls 

4 ALLOCATE Allocate table space for storage of user input 

5 ARRHENIUS Specify the Arrhenius reaction rate constants 

6 BANNER Print user & program identification to output file 

7 BLOCKAGE Specify blockage or solid objects in flow field 

8 BOUNDARY Override built-in boundary conditions 

9 BRINK Include Brinkman-Forchheimer terms in governing equations 

10 CAPILLARY Effect of temperature and chemical species on capillary pressure 

11 CLOSE Close specified output device immediately 

12 COMPRESSIBLE Select compressible flow option 

13 CONDUCTIVITY Specify conduction or diffusion constants, coefficients and options 

14 CONNECTIVITY To specify element and vertex connectivity for unstructured grid 

15 CONVERGENCE Specify convergence criterion 

16 COORDINATE Specify grid coordinates 

17 CORIOLIS Specify Coriolis force constant 

18 CORRELATION Computation of correlations between variables and locations 

19 CPU Specify number of Central Porcessing Units for parallel processing 

20 DATUM Specify reference datum level for hydraulic head 

21 DEBUG Specify debug options 

22 DECAY Specify decay constants for chemical species 

23 DEFINE Specify value of a symbolic variable 

24 DENSITY Select fluid mass density options 

25 DIAGNOSTIC Diagnostic output options 

26 DIFFUSION Specify conduction or diffusion constants, coefficients and options 

27 DISABLE Disable certain built-in default options 

28 DISTRIBUTION Specify distribution coefficient and options 

29 EBU Select Eddy-break-up limiting options for chemical reactions 

30 ELSE Define the ñELSEò part of the IF-ELSE-ENDIF construct 

31 END End of a problem 

32 ENDIF Terminate the IF-ELSE-ENDIF construct 

33 FILE Open or close selected I/O device 

34 FIX Fixed pressure, temperature or concentration nodes 

35 FLOW Specify mass flux entering at boundary 

36 FLUID Specify thermal and transport properties of the fluid 

37 FLUX Compute flux of fluid, heat or chemical species crossing a sub-domain 

38 FRICTION Specify bottom and wind stress friction coefficients 

39 FUEL Specify fuel composition and heat of combustion 

40 GAS Specify gas constant and parameters 

  
..... Table 6.1.1 continued 

TABLE 6.1.1:  KEYWORDS OF ANSWERÊ AND THEIR FUNCTIONS(continued) 

NO. KEYWORD INPUT FUNCTION 
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41 GEOMETRY Specify or modify problem geometry 

42 GAS Specify gas constant and parameters 

43 GEOMETRY Specify or modify problem geometry 

44 GRAVITY Specify constants of gravitational acceleration 

45 GRID Number of grid nodes in the x, y and z directions 

46 HISTORY Provide time history output at selected nodes 

47 HYDRAULIC Hydraulic properties of porous matrix 

48 IF To initiate the IF-ELSE-ENDIF construct 

49 INCLUDE To include a file at run time in the input data stream 

50 INDENT To allow command input to be indented 

51 INITIAL Initial conditions for state variables 

52 INJECTION Specification for injection of Liquid Films and Sprays 

53 INLET To specify an inflow boundary for the domain of computation 

54 INTEGRATION Index for selection of integration profile 

55 LAMINAR Specify laminar flow 

56 LAND Define Land Boundary 

57 LATENT Specify latent heat of fluid 

58 LIMIT Set upper and lower limits for dependent variables 

59 LOCATE Specify location of sub-regions or boundaries 

60 MATERIAL Specify material types and properties 

61 MATRIX Specify Options for solution of matrix of equations 

62 META Specify a meta command file to generate multiple simulations 

63 MOVE Specify moving surface within flow domain 

64 MULTIPHASE Specify multi-phase or multi-fluid hydraulic characteristics 

65 NOZZLE Specify liquid fuel nozzle injection parameters 

66 OPEN Specify an open boundary through which fluid may enter or leave 

67 OPTION Modify built-in default options 

68 OUTLET Specify an outflow boundary for the domain of computation 

69 OUTPUT Frequency and extent of tabular output 

70 OXIDIZER Oxygen to nitrogen ratio in the oxidizer stream 

71 PAUSE Cause a temporary pause in processing 

72 PAUSE Cause a temporary pause in processing 

73 PERMEABILITY Specify permeability of the porous medium 

74 PHASE Specify phase change mode and constants 

75 POROSITY Specify material porosity for porous matrix 

76 PRANDTL Specify Prandtl numbers 

77 PRECIPITATE Specify precipitation reaction from fluid to solid phase 

78 PRINT Print flow rate, sources and statistical measures of variables 

79 PROBLEM Specify general nature and type of problem 

80 PROPERTY Option for mode of property specification 

  
..... Table 6.1.1 continued 

TABLE 6.1.1:  KEYWORDS OF ANSWERÊ AND THEIR FUNCTIONS(continued) 

NO. KEYWORD INPUT FUNCTION 

81 QUIT Terminate solution process 

82 RADIATION Activate thermal radiation calculation 
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83 REACTION Specify reaction rate constants 

84 READ Read initial conditions from archive file 

85 REFERENCE Reference values for key variables 

86 REGENERATION Specify regeneration rate for chemical decay chain 

87 RELAX Relaxation factors for governing variables 

88 RENAME Allows renaming of output variables listed in Table 6.8.1 

89 RETARDATION Specify retardation coefficient for a transport variable 

90 SAVE Frequency of output to archive file 

91 SCALE Internal scaling of specified input 

92 SCHMIDT Specify Schmidt numbers 

93 SCREEN Echo some of the diagnostic output to screen 

94 SELECT Specify location of sub-regions or boundaries 

95 SET Set value of a variable as a function of space and time 

96 SOLID Specify conjugate heat transfer and properties 

97 SOLVE Start of solution of equations 

98 SOOT Activate soot computations and specify constants 

99 SOURCE Specify source, injection or withdrawal terms 

100 SPECIFIC HEAT Select specific heat options and constants for the fluid 

101 STACK To specify stack transformation operations 

102 STATISTICS Obtain output of statistical parameters of variables 

103 STORAGE Specify storage coefficient for a governing transport equation 

104 SWIRL To specify characteristics of swirl imposed on flow 

105 SYMMETRY To identify an external boundary as a symmetry plane or axis 

106 THERMAL Thermal properties of solid or porous matrix 

107 TIDE Specify history of tide at a boundary 

108 TIME Set initial time for simulations 

109 TITLE Problem title specification 

110 TORTUOSITY Specificy tortuosity of the porous matrix 

111 TRACK Compute Particle tracks and corresponding elapsed time in flow field 

112 TRANSFER Transfer mass and property variables within the computational domain 

113 TRANSPORT Transport properties of porous matrix 

114 TURBULENT Select turbulent model and specify constants 

115 USER User identification for input and output files 

116 VELOCITY Select method of computation of Darcy velocity 

117 VISCOSITY Select fluid viscosity options 

118 WALL Specify internal walls within domain of interest 

119 WRITE Generate output of variables 

120 ZONE Specify host media zones 
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2.2 ORDER OF INPUT COMMANDS  

The FREEFORMÊ command language allows an order-free input format except for the constraints imposed 
by common sense. For example, the command that initiates the solution of the equations must follow complete 
specification of the geometry and physics of the problem. Similarly, the command that signifies the end of 
calculations must be the last input record for a given problem. Table 2.2.1 lists the relationship of the keyword 
commands to various functional aspects of problem specification. Although it is not necessary, it may be 
convenient to follow this functional order. The SOLVE

1
 command initiates solution of the governing equations 

and must; therefore, follow complete specification of the problem. The END command terminates the 
execution of a solution and, therefore, must be the last command of an input sequence for a problem. 
 
Certain other constraints may be inherent to the nature of a specific problem. For example, any input in terms 
of sub-regions (e.g., the SOURCE command) must obviously follow the subregion specification (LOCATE 
command). Similarly, if the subregion is specified in terms of grid coordinates, then the LOCATE command 
must come after the COORDINATE commands that specify the grid coordinates. 
 
 

TABLE 2.2.1:  FUNCTIONAL UNITS OF ACRiÊ SOFTWARE TOOLS COMMANDS 

ORDER FUNCTION RELATED KEYWORD COMMAND 

1 Identification BANNER, TITLE, USER 

2 Grid specification ADAPTIVE, CONNECTIVITY, COORDINATE, GEOMETRY, GRID, 
SCALE 

3 Problem definition ACRI, BLOCKAGE, BOREHOLE, BRINK, CAPILLARY, DATUM, 
FRACTURE, GRAVITY, INCLUDE, INJECTION,  INLET, LAND, 
LOCATE, MATERIAL, MOVING, NOZZLE, OPEN, OPTION, OUTLET, 
PHASE, PROBLEM, RENAME, SELECT, SYMMETRY, WALL, ZONE 

4 Initial and boundary 
conditions 

ADIABATIC, BOUNDARY, FIX, FLOW, FRICTION, INITIAL, INLET, 
OPEN, OUTLET, PERIODIC, READ, SET, SWIRL, SYMMETRY, 
TIDE,TIME 

5 Fluid and Host Matrix 
Properties and 

constants 

CONDUCTION, DENSITY, DIFFUSION, DISTRIBUTION, FLUID, 
FUEL, HYDRAULIC, GAS, LATENT, MULTIPHASE, OXIDIZER, 
PERMEABILITY,  POROSITY, PRANDTL, PROPERTY, REFERENCE, 
RETARDATION, SCHMIDT, SPECIFIC, STORAGE, THERMAL, 
TORTUOSITY, TRANSPORT, VISCOSITY 

6 Nature of Flow COMPRESSIBLE, LAMINAR, RADIATION, REACTION, SOLID, SOOT, 
TURBULENT 

7 Source and sink 
specifications 

ARRHENIUS, CORIOLIS, EBU, DECAY, PRECIPITATE, REACTION, 
REGENERATION, SOURCE 

8 Solution options DISABLE, INTEGRATION, LIMIT, MATRIX, RELAX 

9 Output control CLOSE, CORRELATION, DEBUG, DIAGNOSTIC, FLUX, HISTORY, 
PRINT, OUTPUT,  SAVE, SCREEN, STACK, STATISTICS, TRACK, 
VELOCITY, WRITE 

10 Operational control ALLOCATE, CONVERGENCE, DEFINE, ELSE, END, ENDIF, FILE, IF, 
INDENT, META, PAUSE, QUIT, SOLVE 

 

                                                      
    1

The keywords are denoted by bold uppercase letters. 
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2.3 SPECIFICATION OF GRID AND PROBLEM DIMENSIONALITY  

The computations may be in three-dimensional (3D) or two-dimensional (2D) mode. One or the other mode is 
selected by the GRID command. In the 3D mode, the Cartesian geometry is specified in terms of the (x, y, z) 

and the cylindrical geometry in terms of (x, r, ɗ) or (x, y, z) coordinates.  In the 2D mode, the geometry is 

specified in terms of (x, y) for cartesian and (x, r) or (x, y) cylindrical geometry.  
 
Each grid consists of a number of elements. A node is nominally placed in each element. By default this node 
is located at the geometric center of the element. However it can be located anywhere in the element.  Each 
element and the node contained within it is denoted by a number which varies from 1 to NELEM irrespective of 
the dimensionality of the problem. In addition a boundary node (equivalent to a linear or planar element in 
Finite Element Terminology) is automatically inserted at each exterior boundary segment of the computational 
domain. These boundary nodes greatly facilitate the imposition of complex boundary conditions. The boundary 
nodes are number sequentially from NELEM+1 to NMAX. In this case, the total number of nodes, NMAX, is 
the sum of number of elements and the number of exterior boundary segments.  The sequence in which the 
element and boundary nodes are numbered depends on the nature of the grid.  If the grid is unstructured, then 
the nodes are numbered exactly in the same order in which the elements are specified on the geometry input. 
The boundary nodes are also numbered in the order in which the element with exterior boundary is 
encountered. For a structured grid the element are numbered, in order, along the x, y and then z direction grid 
lines respectively. These are followed by the boundary nodes which are defined in order of the boundaries 
along the x, y and z planes. 
 
For the structured grids, a grid index is defined for each grid node. This index varies from (1,1,1) to (IMAX, 
JMAX, KMAX) for the 3D and from (1,1) to (IMAX, JMAX) for the 2D geometry. IMAX, JMAX and KMAX are, 

respectively, the maximum number of grid lines in the x, y (or r) and z (or ɗ) directions. For 2D computations, 

KMAX is automatically set to 1. One-dimensional computations are performed in a pseudo-2D mode where the 
gradients of all variables in the y direction are set to zero. The total number of nodes, including the boundaries 
is NMAX where NMAX= IMAX * JMAX in 2D and NMAX=IMAX * JMAX * KMAX in 3D. 
 
IMPORTANT NOTE: For TIDALÊ Software the velocity field is computed only in the 2D mode since only the 
velocity components are depth-averaged. The thermal and mass transport equations can be solved in the 3D 
mode but in this case, the appropriate velocity components must be specified. 
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2.4 INPUT AND OUTPUT FILE UNITS 

ACRiÊ SOFTWARE TOOLS employ a number of I/O file units. The function and default file names for these 
units are defined in Table 2.4.1. The default file type is FORMATTED for all these files. The user is given an 
opportunity to attach these units to alternate files (or devices) and change the file type for some of these. The 
files attached to units 15 and 16, being the standard input and output devices, may be redirected only by the 
operating system commands. The user may change file names for most of these files. Please see the 
corresponding user commands for the available options. Further operations can be performed on any of the 
I/O units by the FILE and CLOSE commands. The term ñautoò for unit number means that the unit number is 
automatically selected from among the available units. 
 
A number of temporary units may be opened in response to user commands. Many of these are named with 
the file extension òTMPò unless the user explicitly specifies a file name on the command. 
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TABLE 2.4.1:  I/O FILE UNITS AND THEIR DEFAULT ASSIGNMENT 
UNIT # DEFAULT FILE NAME FUNCTION OF THE FILE 

15 Console Read user input commands from standard input device. 

16 xxx.out Write to Standard Output Device. The string xxx in this file name 
is replaced by the file name (without extension) of the input 
command file specified by the user 

81 ACRINIT.ACR ACRi Initialization file 

82 ACRIMSG.ACR ACRi file for diagnostic and error messages, and formats 

Auto zzz_LCNS.ACR ACRi user License file. The string zzz is replaced by a set of 
characters that is unique to each user. 

Auto xxx_DEBUG.TMP User specific diagnostic and debug output ( DEBUG). 

Auto xxx_GRID_QUALITY.TMP Grid quality information (DEBUG GEOMETRY FILE). 

Auto acr_MTRXxxx.TMP Solution Matrix Coefficients (DEBUG MATRIX). The string xxx is 
replaced by an identifier for the variable for which the output is 
generated 

Auto xxx_FLUX.TMP*** Write data for fluxes crossing a sub-region boundary (FLUX). 

Auto xxx_DIAGNOSTIC.TMP*** Internally generated file with step-by-step diagnostics of 
convergence history for each variable for which a transport 
equation is solved (DIAGNOSTIC). 

Auto xxx_HISTORY.TMP Time-history data file (HISTORY). 

Auto xxx_HISTORY_XYZ.TMP Time-history at specified locations (HISTORY COORDINATE). 

Auto xxx_SOURCE.TMP Time-history of source of variables (HISTORY SOURCE. 

Auto xxx_STORAGE.TMP Time-history of storage of variables (HISTORY STORAGE). 

Auto acr_REDBLACK.TMP Red/Black matrix split information (MATRIX REDBLACK). 

Auto acr_NOZZLE.TMP Nozzle spray trajectory information (NOZZLE TRAJECTORY). 

Auto xxx_PRINT_FORCE.TMP Time-history of forces or moments on a surface (PRINT 
FORCE). 

11 xxx.SAV*** Write data file for restart, archiving and post-processing (SAVE).   

Auto xxx_RESTART.TMP*** ACRi restart file (SAVE RESTART, READ RESTART,). 

12 xxx_TABLE.SAV*** Write archive data file in tabular form (SAVE TABLE). 

Auto xxx_STATS.TMP Statistics information pertaining to variables (STATISTICS). 

Auto xxx_TRACK.TMP*** Particle Track information for the flow field (TRACK). 

Auto acr_XYZ_CRNR.TMP Corner coordinates for each element (WRITE CORNERS). 

Auto xxx_VRTX_MAP.TMP Vertex Mapping information automatically generated if needed. 

   

*** The string xxx is replaced by the name of the file (without extension) that is connected to the 
Standard Output Device (Unit 16). 
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2.5 UNITS OF PHYSICAL QUANTITIES  

Any consistent set of units may be employed for input. However, all built-in default values for dimensional 
physical properties (such as the density of water) are in SI units. If other than SI units are used, then these 
properties must be specified in appropriate units as part of the input data. 
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2.6 DIAGNOSTIC OUTPUT SPECIFICATION  

Four keyword commands control the diagnostic output. These are the DEBUG, DIAGNOSTIC, FLUX, and 
OUTPUT commands. The DEBUG command provides a printout of numerical error parameters, which are 
useful in evaluating the accuracy of numerical solution. The DIAGNOSTIC command provides a means to 
monitor the time-history of the dependent variables at a particular node and the residuals of the governing 
equations from one iterative step to the next. The FLUX command provides output of convective and diffusive 
flux terms, and the residuals and errors in mass and energy balance in the numerical solution of the equations. 
The OUTPUT command allows the field variables to be written in a tabular format to the standard output 
device (unit 16).  
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2.7 DEPENDENT VARIABLES OF ACRIÊ SOFTWARE TOOLS 

ACRiÊ SOFTWARE TOOLS provide for the numerical solution of an arbitrary number of coupled transport 
equations. The user may elect to solve any subset of these equations. Table 2.7.1 lists the variables of the 
governing equations in the order in which they are solved. 
 

TABLE 2.7.1:  DEPENDENT VARIABLES OF ACRiÊ SOFTWARE TOOLS 
ACRiÊ 

Software 
Software 
Symbol 

Mathematical 
Symbol 

Description of the Variable 

ANSWERÊ 
TIDALÊ 

U U Velocity component in x-direction 

ANSWERÊ 
TIDALÊ 

V V Velocity component in y or r-direction 

ANSWERÊ W W Velocity component in z or ɗ-direction 

ANSWERÊ PP  ̱ Density and Pressure correction variable 

ALL HT h or hs Enthalpy or Stagnation enthalpy (See Note below) 

ALL T T Temperature 

ANSWERÊ K K Kinetic energy of turbulence 

ANSWERÊ E Ů Dissipation of turbulence energy (See Note below) 

ANSWERÊ FF mC Mass fraction of total carbon 

ANSWERÊ FH mH Mass fraction of total hydrogen 

ANSWERÊ FO mO Mass fraction of total oxygen 

ANSWERÊ FU mCnHm Mass fraction of fuel species 

ANSWERÊ CH mCnHm-2 Mass fraction of H2-stripped fuel 

ANSWERÊ CO mCO Mass fraction of carbon monoxide 

ANSWERÊ H2 mH2 Mass fraction of hydrogen 

ANSWERÊ RA (Rx+Ry+Rz)/3 Net incoming thermal radiation flux. 

ANSWERÊ SN SN Concentration of soot nuclei 

ANSWERÊ S1 S1 Concentration of small soot particles 

ANSWERÊ S2 S2 Concentration of large soot particles 

PORFLOWÊ P P
1
 Pressure head for 1

st
 (primary) fluid phase 

PORFLOWÊ P2 P
2
 Pressure head for 2

nd
 fluid phase 

PORFLOWÊ P3 P
3
 Pressure head for 3

rd
 fluid phase 

TIDALÊ ETA ɖ Fluid elevation above datum 

PORFLOWÊ & 
TIDALÊ 

C, C2,C3, 
C4 

C
k
 Mass concentration of 1

st
 through 4

th
 species in fluid 

ALL User 
defined 

none Variables defined by the user with the ALLOCATE 
command or one of the above variables renamed by the 
user with the RENAME command.  

NOTE:  Many of the input commands refer to the features of the transport equation rather than the 
variable itself. For these commands the specification of the symbol ñTò is taken to be equivalent to 
that for the enthalpy variable, ñHò and that of ñLò for the dissipation energy, ñEò. This for example, is 
the case for the SOLVE command that refers to the solution of the equation or the SOURCE 
command that refers to the source for the equation. This is not true for commands, such as the SET 
command, that specify the value of the variable itself. 
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2.8 TABULAR OUTPUT OF FIELD VARIABLES 

The user may obtain tabular output of a number of dependent, independent and supplementary variables. 
These include the phase space variables listed in Table 2.7.1 plus a number of supplementary variables. 
Table 2.8.1-3 and 2.8.4 list these variables. ACRi Software Tools define 5 types of variables: 

Node based Variable: This type of variable is defined at every node of the domain. One value is defined for 
each element and additionally one value at each boundary location. For a 2D 12 by 10 structured grid (IMAX, 
JMAX on GRID command) there will be a total of 120 nodes. This grid will consist of 80 elements (IMAX-2 
times JMAX-2) and 40 boundary nodes. For an unstructured grid the number of total nodes will be the number 
of elements specified on the GRID command plus one node for each external element surface. An external 
surface is defined as one that is connected only to one element and therefore is not an interface between two 
elements. All phase space variables listed in Table 2.7.1 fall under this category. 

Element based Variable: One value is defined for each element. For 12 by 10 structured grid, there will be 80 
(10 by 8) values. For an unstructured grid the number of values will be equal to the number of elements 
specified on the GRID command. 

Corner or vertex based Variable: One value is defined at every vertex of the computational domain. For a 12 
by 10 structured grid there will be a total of  99 vertices or corners (IMAX-1 times JMAX-1). For an 
unstructured grid the vertex coordinate file (CONNECTIVITY command) determines the number of vertices. 

Face or Surface based Variable: One value is defined at every element surface. The total number of faces a 
function of the grid dimensionality and the manner of arrangement of elements. It is internally computed from 
the grid specification and connectivity. 

List based Variable: This type of variables is in the form of a freeform list the length of which is dictated by 
software and/or user specific needs. 

A number of FREEFORMÊ commands are provided to obtain output for these variables in different formats. 
The primary output of the variables can be obtained by the OUTPUT, SAVE and WRITE commands. 

Output for Node Based Variable: Table 2.8.1-3 list the node-based variables for which output can be 
obtained. These are termed ñstandardò output variables. The output can be written to the Standard Output 
device (Unit 16) or to a user specified file. The extent and frequency of this output is controlled by the 
OUTPUT and SAVE commands.  

Output for Supplementary Variables: Table 2.8.4 lists some supplementary variables for which output can 
be obtained. The output for these can be directed to the Standard Output Device or a user-specified file. This 
output is controlled by the WRITE command. 

Output for Derived Flow Variables: Output for some special variables that are derived from the flow field 
may be obtained on demand. These variables include, the gradients of the velocity flied, the vorticity, stresses, 
strains, and some special variables. Please see the OUTPUT and SAVE commands for a detailed description 
of this output. 

Output for Coefficients and Components of Transport Equation: Output for different coefficients and 
components of each transport equations can be obtained during the solution process. Please see the 
OUTPUT and SAVE commands for a detailed description of this output. 
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TABLE 2.8.1: STANDARD VARIABLES OF ANSWERÊ SOFTWARE TOOL 
Software Symbol Mathematical Symbol Description of the Variable 

U U Velocity component in x-direction 

V V Velocity component in y or r-direction 

W W Velocity component in z or ɗ-direction 

P P Fluid pressure 

HT h or hs Enthalpy or Stagnation enthalpy 

T T Fluid Temperature 

K k Kinetic energy of turbulence 

E Ů Dissipation of turbulence energy 

L l Length scale of turbulence 

FF mC Mass fraction of total carbon 

FH mH Mass fraction of total hydrogen 

FO mO Mass fraction of total oxygen 

FU mCnHm Mass fraction of fuel species 

CH mCnHm-2 Mass fraction of H2-stripped fuel 

CO mCO Mass fraction of carbon monoxide 

H2 mH2 Mass fraction of hydrogen 

O2 mO2 Mass fraction of oxygen 

H2O mH2O Mass fraction of water 

CO2 mCO2 Mass fraction of carbon dioxide 

NO MNO Mass fraction of Nitrogen Oxides 

NO2 MNO2 Mass fraction of Nitrogen Di-oxides 

FG G The property g for the fuel fluctuation equation 

FM fm The mean-mixture fraction for for the fuel fluctuation equation 

PV fv The mixture variance for the fuel fluctuation equation 

SN SN Concentration of soot nuclei 

LF  Liquid mass fraction from the nozzle injections 

AD  Average droplet diameter for nozzle injections 

S1 S1 Concentration of small soot particles 

S2 S2 Concentration of large soot particles 

RA (Rx+Ry+Rz)/3 Net incoming thermal radiation flux. 

RGAS R The specific gas constant for the gaseous mixture 

MU ɛ
 

Effective viscosity of fluid 

RHO ɟ
 

Mass density of fluid 

POR ŪE Effective porosity of a grid element 

PHYD  Hydraulic head of the fluid 

EBYK Ů/k Turbulence time constant 

CP Cp Specific Heat of fluid mixture 

SPEED V Modulus of Velocity = Sqrt(u
2
+v

2
+w

2
) 

EDYN 0.5  V
2
 Dynamic energy of fluid 

PDYN 0.5  ɟ V
2
 Dynamic pressure of fluid  

PTOTAL P+0.5 V
2
 Total pressure of fluid 

MACH c/a Mach Number for the fluid = V/sqrt[ (ɔ-1)CpT ]  

VOL ŭV Volume of the Element 

X, Y, Z x, y, z X, Y and Z Coordinates of the Node Location 

User-Specific --- User-specific variables defined in the acrNAMES.ACR file 

Dynamically Allocated --- Dynamically allocated variables with ALLOCATE or RENAME commands 
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TABLE 2.8.2: STANDARD VARIABLES OF PORFLOWÊ SOFTWARE TOOL 
Software Symbol Mathematical Symbol Description of the Variable 

U U Velocity component in x-direction 

V V Velocity component in y or r-direction 

W W Velocity component in z or ɗ-direction 

P P Fluid pressure 

HT h or hs Enthalpy or Stagnation enthalpy 

T T Fluid Temperature 

POR ŪE Effective porosity of a grid element 

PORT ŪT Total porosity of a grid element 

PORD ŪD Diffusional porosity of a grid element 

PHYD  Hydraulic head of the fluid 

CP Cp Specific Heat of fluid mixture 

SPEED V Modulus of Velocity = Sqrt(u
2
+v

2
+w

2
) 

EDYN 0.5  V
2
 Dynamic energy of fluid 

PDYN 0.5  ɟ V
2
 Dynamic pressure of fluid  

PTOTAL P+0.5 V
2
 Total pressure of fluid 

MACH c/a Mach Number for the fluid = V/sqrt[ (ɔ-1)CpT ]  

C, C2,C3, C4 C
k
 Mass concentration of 1

st
 through 4

th
 species in fluid 

S, S2, S3 S
1, 

S
2, 

S
3
 Saturation fraction for the 1

st
, 2

nd
 and 3

rd
 fluid phase 

RHO, RHO2, R
1, 

R
2
 Normalized Density of the 1

st
 and 2

nd
 fluid phase 

RHOG R
3
 Normalized Density of the 3

rd
 (gas) fluid phase 

RHOS rs Mass density of solid matrix 

H, H2, H3 H
1, 

H
2, 

H
3
 Total hydraulic head for the 1

st
, 2

nd
 and 3

rd
 fluid phase 

MOIS ūE Effective moisture in the first fluid phase 

MU ɛ/ɛ* Viscosity ratio for the primary Fluid 

QX, QY, QZ  X, Y and Z components of element-average  Darcy Velocity 

VOL ŭV Volume of the Element 

X, Y, Z x, y, z X, Y and Z Coordinates of the Node Location 

User defined --- User-defined variables with ALLOCATE or RENAME commands 
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TABLE 2.8.3: STANDARD VARIABLES OF TIDALÊ SOFTWARE TOOL 
Software Symbol Mathematical Symbol Description of the Variable 

U U Velocity component in x-direction 

V V Velocity component in y or r-direction 

W W Velocity component in z or ɗ-direction 

HT h or hs Enthalpy or Stagnation enthalpy 

T T Fluid Temperature 

RHO ɟ
 

Mass density of fluid 

CP Cp Specific Heat of fluid mixture 

SPEED V Modulus of Velocity = Sqrt(u
2
+v

2
+w

2
) 

EDYN 0.5  V
2
 Dynamic energy of fluid 

PDYN 0.5  ɟ V
2
 Dynamic pressure of fluid  

PTOTAL P+0.5 V
2
 Total pressure of fluid 

C, C2,C3, C4 C
k
 Mass concentration of 1

st
 through 4

th
 species in fluid 

ETA ɖ Fluid elevation above datum 

H H Total fluid depth = h +ɖ 

DEPT h Bathymetric depth below datum 

PA Pa Atmospheric pressure 

WIND w Wind speed 

ANGL Ū Angle that the wind vector makes with the positive direction of x 

VOL ŭV Volume of the Element 

X, Y, Z x, y, z X, Y and Z Coordinates of the Node Location 

User defined --- User-defined variables with ALLOCATE or RENAME commands 
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TABLE 2.8.4: SUPPLEMENTARY VARIABLES OF ACRiÊ SOFTWARE TOOLS 
Software 
Symbol 

Variable 
Basis 

Variable 
Type 

Description of the Variable 

XC, YC, ZC Vertex Real x, y and z coordinates for element vertices 

VOLF Face Real Volume associated with an element interface. This consists of 
the sum of the part volumes of the two adjoining elements. For 
example, in Figure 4.1.5, for the ñeò face, it consists of the part 
volumes of the two elements contained between P and E. 

VOLR Face Real Non-dimensional fraction of face volume associated with the ñ-
veò side of the interface to VOLF. The ñ-veò side is defined with 
reference to the area vector at the face. This definition of 
direction is arbitrary and depends on the manner in which the 
elements are processed. 

AFX, AFY, AFZ Face Real The x, y and z components of the area vector for an element 
face. 

FC Face Real Convective mass flux across an element interface. 

FD Face Real Coefficient for diffusive flux across an interface. For an 
orthogonal grid, the diffusive flux is defined as the product of 
this coefficient and the difference of the variables values 
between the two nodes associated with the interface (such as P 
and E for the ñeò face in Figure 4.1.5) 

NCRN Vertex Integer Element to vertex connectivity 

NBRS List Integer Element to node connectivity. For each element, the list 
contains the node numbers to which the element is connected. 
The number of members for each element is equal to the 
number of surfaces for the element. 

NFACE List Integer Element to surface number connectivity. For each element, the 
list contains the surface numbers that comprise the element 
boundary. 

LINK List Integer Face to node number mapping matrix. The list is arranged by 
surface number. For each surface the list contains 4 members: 
the two nodes on the ñ-veò and ñ+veò sides of the surface, and 
the surface numbers for two neighborhood surfaces 
unconnected to the surface. 

MTYP Node Integer Material Type index 
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2.9 ARCHIVAL AND POST-PROCESSING OUTPUT  

Files containing archival and post-processing outputs may be obtained in three distinct modes. These files are 
generated by the SAVE command in the SAVE BLOCK, SAVE TABLE and SAVE RESTART modes. The 
output from these may be used to restart a problem or for post-processing functions such as to produce 
contour, raster, surface or vector plots on a console screen, printer or plotter. The files can be generated at 
any required frequency. 
 
Whenever output from these commands is written to a file, diagnostic messages appear on the Standard 
Output Device that identifies the information being transferred to the file.The file is self-documenting. In 
addition to the values of the field variables, it contains the file identification data, the user identification, the 
problem title, the time and date of creation, the basic grid information, and the names of variables stored on 
the archive file. 
 
The SAVE BLOCK command provides flexibility in the selection of variables, the output frequency and the 
nature of data records (formatted or unformatted). In the SAVE BLOCK mode, the variables are listed 
individually and separately for whole of the domain of computation in a block format. The values of the grid 
coordinates and field variables (see Tables 2.8.1 to 2.8.3) follow the basic problem and data identification. An 
alphanumeric record precedes each variable field and lists the name of the variable, the time and step number 
of archival, the data type and the number of values. The archive information is written in either unformatted or 
formatted records, depending on user specification. Please see the SAVE command for further details. 
 
In the SAVE TABLE mode of the command generates output that is arranged by rows and columns for the 
whole or part of the domain of computation. The basic problem and data identification fields are followed by 
variables listed in a tabular manner for each node individually. Only formatted data records are allowed. Each 
row of data pertains to a single element and each column contains the value of a variable for that element. The 
file can be used for archiving or post-processing purposes. Please see the SAVE command for further details. 
 
The SAVE RESTART mode is strictly meant for restart of a given problem and is generated only in 
UNFORMATTED mode at the specified frequency. 
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2.10 RESTART OUTPUT  

A special file for restart of a problem can be generated by the SAVE command with the RESTART modifier.  
This file is in an unformatted format and is machine specific. This file can only be read with the READ 
command with a RESTART modifier. If the simulations are restarted from this file, then the problem 
specification must be identical to that for the original simulation. 
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2.11 MODIFICATION OF INPUT DATA DURING SIMULATIONS  

The simulation of a problem is initiated by the SOLVE command. The total span of simulations, however, may 
be divided into segments, and a SOLVE command used for each segment. Any time-dependent or sequential 
aspects of the input or output requirements may be changed between the calculation segments.  For any 
problem, all specification relating to the geometry is considered independent of time; the rest of the problem 
specification, including operational control and output requirements, can all change during the course of 
simulations. 
 
An example of a two-segment calculation sequence is given in Table 2.11.1. In this example, the output 
requirements for both the archive file and the tabular output are changed after 5 time units of simulation. 
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TABLE 2.11.1: ILLUSTRATION OF A 2-SEGMENT SIMULATION SEQUENCE 

TITLe EXAMPLE OF A TWO SEGMENT CALCULATION WITH OUTPUT CHANGES 
 ///////////////////////////////////////////////////////////////////// 
 GRID  11 BY 12 
 COORdinate X: RANGe = 100, grid spacing increment ratio = 1.1 
 COORdinate Y: RANGe = 40,  grid spacing increment ratio = 1. 
 / 
INLEt at X- boundary 
OUTLet at X+ boundary 
/ 
 SET U = 1. everywhere 
 SET T = 500 everywhere              !! except at inlet as modified below 
 INITial T = 300 from (1,1) to (1,11)    !! INLEt 
 / 
 OUTPut for P (pressure) at this stage   !! Print initial values of P 
 / 
 //////////////////// Comment.   Start of first segment of calculations 
 SOLVE for 10 secs in time step of 0.1 sec 
 / 
 OUTPut for variables P and T 
 SAVE variables U, V, P 
 / 
 //////////////////// Comment.  Start of second segment of calculations 
 SOLVe for 10 secs in time step of 0.5 sec 
 / 
 OUTPut for variables U, V, W, P and T 
 SAVE variables U, V, W, P and T 
 / 
 END 
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CHAPTER 3 

KEYWORD COMMAND NOTATION 

This chapter describes the notation used for the keyword commands 

that comprise the user interface for all ACRi Software Tools including 

ANSWERÊ PORFLOWÊ and TIDALÊ software package. This interface 

is based on the ACRi format-free command language FREEFORMÊ. 

Knowledge of the structure and syntax of this language is essential for 

understanding the descriptions of keyword commands in this chapter. 

The command language is fully described in Chapter 1 of this document. 

Descriptive notation for the keyword commands is explained in this 

chapter. 
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3.1 KEYWORD COMMAND NOTATION 

The notation for input commands is described below. A detailed description of the user input follows. The 
FREEFORM

Ê
 command language used for this input is described in Chapter 1. 

 
BOLD Uppercase characters in bold typeface denote The FREEFORM

Ê 
keyword commands. The 

user may specify the keyword character string in upper or lower case.  Bold typeface is used 
in this manual for emphasis only; it must not be used as part of user input. 

CAPS Upper case characters in normal or bold typeface denote modifiers of FREEFORM
Ê 

that are 
significant for interpretation of user input. The user may specify the character string in upper or 
lower case. 

char Lower-case characters denote information in commands which is not significant for 
interpreting user input but improves the clarity or readability of the input. The character strings 
shown may or may not be specified by the user, or other character strings may replace them. 

î Vertical bar indicates a choice; only one of the items separated by the bar (and enclosed in 
braces or square brackets) may be specified. 

{ } Braces indicate that the enclosed item (or one of the enclosed items separated from others by 
vertical bars) is required and must be specified. 

[ ] Square brackets indicate that the enclosed item is optional. 

.... Ellipses (in horizontal or vertical format) indicate that other, similar items may follow those 
shown. 

Nn The n
th
 numeric field in an input command denoted by a keyword. 

fname The name of a file or device; see Section 3.3. 

subrgn The sub region for the applicable input; see Section 3.4. 

idsub A unique identity for a sub region of the domain of computation; see Section 3.4. 

func An analytic or tabular function for input of a numerical quantity; see Section 4.1. 

phase Fluid phase to which the input applies; see Section 3.6. 

Vfrq Frequency of output; see Section 3.7. 
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3.2 INTERACTIVE OR RUN TIME INPUT 

The FREEFORM
Ê 

command language allows interactive or run time data input for any keyword command.  
Occurrence of a question mark (?) in the input is a prompt for interactive input by the user. The user may 
therefore insert a '?' for a numerical or character string in the input. When a '?' is read, the command 
interpreter pauses and prompts the user for interactive input. Any input so specified is then appended to the 
original input command string, starting with the location of the question-mark symbol. Additional information 
about this input feature is given in Chapter 1. The FREEFORM

Ê 
command interpreter is based on a 256-

character input string for each input record (see Appendix B). Therefore, the number of characters that can be 
inserted after the question mark depends on the location of the question mark. 
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3.3 FILE NAME SPECIFICATION 

Many input commands allow part or all of the input data to be read from a user-specified file (or device) or 
output to be directed to an output file. The name of the file, which is denoted by 'fname' in this manual, is 
specified as a character expression that must be enclosed in single or double quotes. The file or device 
name may be up to 256 characters long, consisting of any characters accepted by the operating system as a 
valid I/O file name. In the input mode, the data is read from the file in a format-free mode according to the rules 
of FORTRAN 90. 

Some operating systems do not distinguish between the lower and upper case file names. On such 
systems, for example, a file named ótmp.filò is equivalent to a file named óTMP.FILô (or some other combination 
of upper and lower case characters). On such systems, an error may occur if file names are specified that are 
identical except for the case. In general, it is recommended that the user should consistently use either 
upper or lower case characters for file names. 

By default, a file is assumed to be in ñFORMATTEDò mode. Some commands also allow an ñUNFORMATTEDò 
mode of input or output. If allowed, the ñUNFORMATTEDò modifier on the command selects this mode. 

If a file name is specified on a command, then the file is immediately opened and is available for I/O 
operations.  

In the output mode, a unique file name must be associated with each type of command that generates an 
output file. The user may assign a name by explicit specification on a command. Once assigned, the new file 
name becomes the default name until changed by a subsequent command of the same type. If the file name is 
different than a previously specified name, then the old file associated with that command is closed and the 
subsequent output is written to a new file with the specified name. If no file name is specified, then a default 
name is assigned to each output file (see Section 2.4). 
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3.4 SUB REGION IDENTIFICATION ON AN INPUT COMMAND 

Some input commands may specify values for a sub region of the domain. For these commands, the desired 
sub region must be previously specified by a LOCATE or SELECT command (in this document ñLOCATEò is 
used to identify both these commands). Multiple modes of LOCATE command are available to accommodate 
a diversity of input and output requirements.  Each LOCATE command identifies a subregion with a unique 
identifier specified as ID=idsub, where óIDô in the command must immediately precede the idsub identifier.  
The idsub identifier may consist of any combination of up to 32 unique alphanumeric characters without 
any embedded spaces or graphic characters.  The valid characters are the same as those for a modifier (see 
Section 1.2.2).  This ID=idsub identifier is then used subsequently on a keyword command to selectively 
provide input for that subregion. 

A LOCATE command for a subregion may also be specified without a unique identifier, then this subregion 
may be identified on a subsequent command by specifying LOCATE or SELECT as a modifier till the 
occurrence of the .next LOCATE command.  For some commands, a unique subregion identity may be 
required for proper implementation of the input features; this is discussed in the description of each 
command. 

If a subregion specification is omitted by the user, but is required by the keyword command, then the input is 
assumed to be for the total domain of interest, which is relevant for that command. The choices available for 
the 'subrgn' modifier are summarized in Table 3.4.1. 

TABLE 3.4.1: VALID SUBREGION IDENTIFICATION MODIFIERS 

subrgn Interpretation 

SELE The input applies to the most recently defined subregion of the LOCATE or SELECT 
command.  Same as LOCATE modifier. 

LOCA The input applies to the most recently defined subregion of the LOCATE or SELECT 
command.  Same as SELECT modifier. 

ID=idsub The input applies to the subregion that was assigned the identity 'idsub' in a previous 
LOCATE or SELECT command. 

The LOCATE commands are of two types: (1) those that specify a sub-region within the computational domain 
and (2) those that specify exclusively a boundary of the domain. 

If a LOCATE command specifies only a boundary, then only the nodes falling at the boundary are included in 
the subregion.  

However, if a LOCATE command specifies an interior subregion, then by default both the interior field 
nodes as well as any exterior boundary nodes that are immediately adjacent to the region are included 
in the definition.  If a FIELD modifier is present on a LOCATE command, then the exterior boundary nodes 
are omitted.  

Two additional modifiers are available with the subregion identification on an input command (say a SET 
command) to further select a subset of the region specified by the LOCATE command.  These are the FIELD 
and the ñdirò modifiers.  If a FIELD modifier is specified alongside an ID=idsub modifier on an input command 
(say a SET command), then the command applies only to the field nodes and not to the exterior boundary 
nodes included in the subrgn.  For example, if this modifier is present on a SET command, then the values 
are set at all nodes in the interior of the subregion but not at the boundary.  The FIELD modifier is ignored if 
the LOCATE command was specified for a structured grid with the grid index coordinates.  In that case the 
values are set as defined by the (I,J,K) grid indices.  For structured grids, it is also possible to specify a dir 
modifier along with the ID=idsub specification on an input command.  In this case, only the nodes at the 
subregion boundary where the outward normal matches the specified dir modifier are selected.  See the 
Section 3.5 below for available choices for the dir specification. 

The only exception to the above is an input command that specifies a node-by-node input for a 
subdomain (see, Sections 4.5 and 4.6) for a subregion defined by a LOCATE command that specifies a 
rectangular window based on (I,J,K) grid indices.  In this case, the nodes selected are exactly as 
specified by the (I,J,K) grid indices.  For this node-by-node function a FIELD modifier either on the 
corresponding LOCATE command or on the input command is ignored.  See Sections 4.5 and 4.6 for 
further details. 
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3.5 BOUNDARY IDENTIFICATION 

Some of the commands refer to input for the boundaries of the problem. These boundaries may be the 
external boundaries, which enclose the domain of computation, or these may be internal boundaries that are 
located within the domain of computation. For these commands the boundary orientation is identified either 
explicitly on the command by a direction modifier or it is specified as an integral part of the sub-domain 
specification by the LOCATE command with a PAIRED list of element and surface numbers. 

The identification of the boundary orientation by a direction modifier (dir) is illustrated in Table 3.5.1. The 
modifier consists of a character followed by a sign that represents the direction of the outward normal at the 
boundary. It should be noted that this direction is a nominal direction with respect to the local orientation of the 
grid element (ɝ, ɖ ,ɕ)  for a curvilinear grid). This orientation may or may not be related to the global framework 
in which the (x, y, z) coordinates of the element vertices are specified. The local orientation for an element is 
uniquely determined by the manner in which its vertices are numbered. The notation is illustrated in Figure 
3.5.1 for both 2D and 3D elements. The vertices are numbered in an anti-clockwise manner in the xy-plane. 
Briefly, the local x (ɝ) vector points from vertex 1 to vertex 2, the local y (ɖ) vector from vertex 1 to vertex 4 
and, for 3D elements, the local z (ɕ)) vector from vertex 1 to vertex 5. For a structured grid the local and global 
framework are consistent with each other. However, for an unstructured grid, the local framework may change 
from element to element since the vertex numbering may be completely arbitrary.  In such a case a more 
general description is used which consists of the specification of a paired list of element and surface numbers 
(see LOCATE command with PAIR modifier). As illustrated in Figure 3.5.1, the surface numbers for 2D 
elements vary from 1 to 4 and those for 3D elements from 1 to 6. 

TABLE 3.5.1 BOUNDARY IDENTIFICATION INDEX 
 

Orientation Interpretation 

X- The outward normal is in the negative direction of the local x or ɝ, coordinate. It is 
equivalent to the specification of surface number 1 of Figure 3.51. 

X+ The outward normal is in the positive direction of the local x or ɝ, coordinate. It is 
equivalent to the specification of surface number 2 of Figure 3.5.1 

Y- The outward normal is in the negative direction of the local y or ɖ coordinate. It is 
equivalent to the specification of surface number 3 of Figure 3.5.1 

Y+ The outward normal is in the positive direction of the local y or ɖ coordinate. It is 
equivalent to the specification of surface number 4 of Figure 3.5.1 

Z- The outward normal is in the negative direction of the local z or ɕ coordinate. It is 
equivalent to the specification of surface number 5 of Figure 3.51. 

Z+ The outward normal is in the positive direction of the local z or ɕ coordinate. It is 
equivalent to the specification of surface number 6 of Figure 3.5.1. 

 
  



Keyword Command Notation ACRiÊ Software Tools 

 

 

â ACRiÊ Software Tools - 56 - User Guide 

 
Vertex and Face Number Nomenclature for a Quadrilateral Element 

 

 
Vertex and Face number Nomenclature for a Hexahedral Element 

 

FIGURE 3.5.1: BOUNDARY INDEX NOTATION 
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3.6 SPECIFICATION OF FLUID PHASE 

Some of the ACRi software tools can simulate multi-phase flow while other tools are restricted to a single-
phase flow. For example, PORFLOWÊ

 
can simulate up to three phases for the fluid. Some of the input 

commands are used to provide input for one or more of these phases. The modifier that specifies the phase in 
the command itself is symbolically denoted by 'phase' in this manual. The choices available for this modifier 
are summarized in Table 3.6.1. The phase modifier is currently only available with the multi-phase versions of 
the ANSWERÊ and PORFLOWÊ Software Tools; it is not available with TIDAL

Ê
 series of ACRi software.  

 

TABLE 3.6.1: VALID MODIFIERS FOR PHASE DESIGNATION 
 

User Specification of phase Interpretation For The Corresponding Command 

FIRSt The input is specified for the first phase of the fluid. This is always the 
default option; if no modifier is specified, then the input is assumed to 
be for the first phase of the fluid. 

SECOND The input is for the second phase of the fluid. 

THIRd The input is for the third phase of the fluid. This modifier is available 
only for the PORFLOWÊ Software Tool. 

GAS The input is for the GAS Phase of the fluid. The gas phase is always 
the last of the active fluid phases. Thus this modifier is equivalent to the 
FIRSt modified for a single-phase gas, the SECOND modifier for a 
liquid-gas, and the THIRd modifier for a liquid-liquid-gas simulation. 

VAPO Same as GAS Modifier 
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3.7 SPECIFICATION OF FREQUENCY FOR OUTPUT 

Many of the output commands provide for an option for the user to specify the frequency of output. This input 
is denoted in this manual by the symbol Vfrq and may be specified in terms of the number of steps or the time 
interval. The step interval mode is the default mode and in this case, for example, a specification of 10 will 
result in output at step number 10, 20, 30, etc. The time interval mode is activated if the modifier TIME is 
present on the command. In this case, whether or not the output is obtained exactly at the specified interval, 
depends on the time step specified by the SOLVE command. If an exact time at which the output is due is not 
simulated, then the output is obtained at the first time step after the due time. 

 



ACRiÊ Software Tools Keyword Command Notation 

 

âACRiÊ Software Tools - 59 - User Guide 

(This section left intentionally blank) 
 



Keyword Command Notation ACRiÊ Software Tools 

 

 

â ACRiÊ Software Tools - 60 - User Guide 

CHAPTER 4 

FUNCTIONAL INPUT FOR FREEFROM COMMANDS 

This chapter describes the built-in and user-specified functions that can 

be used to specify key components of the FREEFORM input as functions 

of other built-in and user specified phase space variables. These 

functions can be applied to initial and boundary conditions, sources and 

fluid and host matrix properties.  Additionally these functions can be 

used for extensive user specific pre-and post-processing of input data 

and results obtained from the ACRi Software Tools. 
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4.1 GENERAL FUNCTIONAL RELATIONSHIPS 

A number of commands allow the use of a functional form for the required input. The general form of the 
functional relationship is: 

( )ɝū=ū  (4.1.1) 

here ū represents a field variable, or a source or boundary value for a dependent variable, and represents 

time, a spatial coordinate or a field variable. A library of built-in tabular and analytic functions for ū is 

provided. In addition, it is possible to specify user-defined functions as discussed in Section 4.7. The user 
should note that the library of built-in functions is constantly being updated and additional options may have 
been incorporated subsequent to the date of publication of this manual. Please contact ACRi for the latest 
information. In the description of all these functions the symbols An, A, B, C, D, E and F represent constants. 

4.1.1 The Tabular Function 

The most powerful and general option available for this purpose is that of a tabular function in which F is 

specified as an arbitrary function of x.  The desired value is obtained as a step-wise or piece-wise linear, 

quadratic or cubic approximation over the values of F in the neighborhood of the given value of x. This can be 
expressed as: 
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Where Ŭ=ɓ=ɔ=0 for step wise, Ŭ=1; ɓ=ɔ=0 for linear, Ŭ=1; ɓ=1/2; ɔ=0 for quadratic and Ŭ=1; ɓ=1/2; ɔ=1/6 for 
cubic interpolation.  For the higher order polynomials, the gradients near the boundaries are computed by one-
sided Taylor-Series expansion. 

For periodic implementation of the tabular function, the value of ɝ used in the above interpolation relation is 
computed as: 

], )   -   ( ,  [mod = 1Nused
ɝɝɝɝ  (4.1.3) 

If extrapolation of the tabular function is specified; then the values are extrapolated by: 
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4.1.2 Discrete Point-Wise Function 

This function allows the specification of a table of values for a subregion such that for each node of the 
subregion: 

, N  n < 1   ; A = n n ū  (4.1.5) 

where An are arbitrary constants and N is the total number of nodes in the subregion. 

4.1.3 Discrete Point-Wise Time-Dependent Function 

This function allows the specification of a table of values for a subregion such that for each node of the 
subregion the values are a function of time.  The general form of the given input is: 

, N  n < 1   ; A = )t( n n ¢F  (4.1.6) 

where An are arbitrary constants and N is the total number of nodes in the subregion.  The individual values at 
any given time are computed from sets of values specified at discrete time intervals at t=t

1
, t

2
, ,é, t

M
. from: 
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Where the coefficient Ŭ is set to 0 for step-wise and 1 for linear interpolation: 

4.1.4 Discrete Point-Wise Random Functions 

The Random functions allow the assignment of values to each node of the subregion such that the overall 
distribution is random without any recognizable patterns. The well-known examples of random numbers are 
the results of the roll of an ideal die and the sequence of digits that appear in the number .́ The set of random 
numbers generated by the built-in generators is a sequence of Pseudo-Random Numbers (PRN) and should 
be sufficient for most engineering purposes. If ñtrueò randomness is required then the user is advised to 
generate such a sequence and specify it through a file with the option defined by Equation 4.1.5 above. 

Three distinct PRN options are currently available: these are the Uniform, Normal (Gaussian) and Log-Normal 
set of random numbers. For set of N values, all the three distributions are all given by:: 

, N  n < 1   ; x = n n F  (4.1.8) 

The Uniform Random number generator uses the ñMinimalò Pseudo Random Number Generator of Park and 
Miller (1988) with Bays-Durham Shuffle. This generator belongs to the group of Linear Congruential 
Generators (LCG). The cycle repeats after 2,147,483,647 numbers. The uniform random number sequence is 

defined by a mean value (m) and a range (R). For a sub-domain with a total of N nodes, the PNR, denoted by 
xn, are then generated by the algorithm and assigned in order of the occurrence of the nodes in the sub-
domain according to: The probability density function (pdf) and the cumulative distribution function (cdf) for this 
distribution are: 

xotherallfor0;
2

R
x

2

R
-, 

R

1
 pdf(x) +m¢¢m=  (4.1.9) 

2

R
xif1;

2

R
-xif0;

2

R
x

2

R
-, 

R

R/2-x
 cdf(x) +m>m<+m¢¢m=  (4.1.10) 

The mean, the median and the variance of the uniform distribution are given by: 
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The Normal or Gaussian probability density function (pdf) is defined by a mean,m, and a standard deviation, ů.  
The sequence of normally distributed PNR, xn, is generated from the uniformly distributed PNR (see Equations 
4.1.9) by the Box-Muller Transformation.  With x as the random variable the pdf and its cdf are given by: 
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The mean, the median and the variance of the normal distribution are given by: 

2Var(x);)x(m; )x(E s=m=m=  (4.1.14) 

: 

The Log-normal distribution is the single-tailed probability distribution of a random variable such that the 
logarithm of the random variable is normally distributed.  It is based on the built-in generator for normally 
distributed PNR described above and uses the exponential of the random numbers to generate a log-normal 
distribution.  The pdf and cdf of the distribution are: 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































